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District  qf  Pennsylvania ,  to  'stnt: 

Be  it  Remembered,  that  on  the  twenty-fifth  day  of  May,  in  the 
thirty-seventh  year  of  the  Independence  of  the  United  States  of 
America,  A.  D.  1813,  Kimber  and  Richardson,  of  the  said  district, 
bave  deposited  in  this  office  the  title  of  a  book  the  right  whereof  they 
claim  as  proprietors,  in  the  words  following,  to  wit : 

The  Emporium  of  Arts  and  Sciences,  (New  Scries,  Volume  1.) 
Conducted  by  Thomas  Cooper,  Esq.  Professor  of  Chemistry,  Na- 
tural Philoaopbyy  and  Mineralogy,  in  Dicl^insop  College,  Carlisle, 
Pennsylvania. 

In  conformity  to  the  act  of  the  Congress  of  the  United  States,  in- 
tituled, <'  An  act  for  the  encouragement  of  learning,  by  securing 
the  copies  of  maps,  charts  and  books,  to  the  authors  and  proprie- 
tors of  such  copies  during  the  times  therein  mentioned,"— -And 
also  to  the  act  entitled,  <<  An  act  supplementary  to  an  act  entitled 
^An  act  for  the  encouragement  of  learning,  by  securing  the  co- 
pies of  maps,  charts,  and  books,  to  the  authors  and  proprietors  of 
such  copies  during  the  times  therein  mentioned,"  and  extending 
the  benefit  thereof  to  the  arts  of  designing,  engraving,  and  etch- 
ing historical  and  other  prints." 

D.  CALDWELL, 
Clerk  of  the  District  of  Pennsylvania. 
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THE  Emporium  hitherto  published,  having  been  relin* 
quiahed  by  its  Editor  and  Publisher,  I  have  undertaken 
to  continue  it  under  the  same  title;  and  the  public  will  of 
course  expect  that  I  shoiUd  give  some  account  of  theplail 
oa  nvfaich  it  is  meant  hereafter  to  be  conducted. 

I  do  not  see,  at  present,  any  material  objection  to  the 
plan  originally  proposed  by  Dr.  Coxe :  for  what  more 
useftil  work  could  the  public  desire,  than  one  which 
should  contain  a  judicious  selection  of  practical  papers 
on  manu&ctures  and  the  arts,  from  the  more  scarce  and 
voluminous  annnig  the  foreign  publications,  and  a  reposu 
tory  for  original  papers  of  the  same  description,  furnish- 
ed by  men  of  research  in  our  country  ? 

I  had  prepared  a  vdume  of  papers  on  manu&cturing 
processes,  which  the  publishers  of  the  ju'esent  work  were 
to  have  published  separately,  had  not  the  new  series  of 
the  Emporium  been  undertaken.  The  matter  I  had 
meant  for  that  wcurk,  I  shall  now  employ  upon  this ;  andl 
will  make,  if  I  can,  the  Emporium  a  repository  of  pa« 
pers  <m  manufactures,  that  shall  be  worth  preserving. 
They  will  ccxisist  of  a  series  of  essays  drawn  up  and  ar- 
rmged  by  myself,  but  with  the  assistance  of  every  thing 
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I  can  find  to  the  purpose  in  foreign  publicadons.  I  have 
long  been  anxious  to  compose  and  to  compile  a  work  of 
diis  description^  that  shall  remain  ft  classic  book  on  the 
subject,  and  I  will  endeavour  to  do  it  now. 

Li  treating  of  the  various  subjects,  it  will  be  &ir  t« 
give  notice,  diat  I  mil  not  condescend  to  make  thba  work 
of  mere  amusement,  for  the  purpose  of  sale — (»ie  that 
shall  suffice  merely,  under  the  show  of  science,  to  enable 
the  reader  to  trifle  away  an  hour,  and  to  skim  the  surface 
of  a  great  many  subjects  for  the  purpose  of  superficial 
and  conversation  knowledge.  Many  pages  of  this  woric 
to  a  general  reader  will  be  very  dull ;  but  it  will  be  my 
&ult  LT  they  are  not  useful  to  those  who  read  for  improve- 
ment 

I  do  not  propose  in  the  manufacturing;  papers  I  shall 
present,  whether  of  my  own  or  of  others,  greatly  to  in- 
struct a  manuiucturer— -a  man  who  knows  his  business;, 
or,  by  a  sudden  miracle,  to  form  a  skilful  manu&cturer 
by  the  perusal  of  a  few  theoretical  pages.  I  know  too 
v^U,  team  my  own  experience,  that  this  cannot  be  done; 
and,  t  can  easily  conceive,  with  what  contempt  a  practi-- 
cal  man  mUst  read  a  great  portion  of  the  papers  that  pre- 
tend lo  give  knowledge  of  real  processes,  among  the 
French  and  Elnglish  publications  of  this  descrip^m* 
What  iiihumerable  instructions  on  the  art  of  dyii^,  for 
instance !  yet  I  can  venture  to  say,  that  hardly  one  paper 
in  fifiy  contains  eiitet  the  processes  of  practice,  or  any 
kind  of  apfdiicable  informatitMi.  Still  die  coUectors  of 
these  &cts  ate  of  great  use  in  society  :  if  they  &il,  it  is 
because  diqr  are  not  themselves  manufacturers ;  and  be- 
cause all  manu&^turers  afe  secret'>m<xigers,  who  live  by 
their  processes,  and  who  do  not  choose  to  expose  them  to 
all  the  worid.  But  many  hints  of  importance  are  thus 
thrown  out  to  those  whose  pievious  knowledge  enables 
tfiem  to  convert  such  hints  to  useful  purposes :  many 
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^ts  are  thus  thrown  on  the  ratioiiale  of  manufactiirlng 

)cesses,  which  will  enable  a  practical  man  better  to 

IBiflcrstaiid  the  natiire  and  effect  of  the  processes  he  has 

|lfcn  accustomed  to  use,  and  to  correct  and  vsay  them 

rilhout  depending  upon  chance  whetlier  Ik  be  \vrong  or 

i*  Moreover,  there  is  hardly  a  manufacture  that  is  not 
ible,  in  some  way  or  other,  of  improving  and  duxiwing 
^ht  upon  some  otlier  manufacture,  in  appearance  widely 
nt.  The  art  of  the  watchmaker  has  verj'  greatly  con. 
tbuted  to  the  perfection  of  the  cotton  niiichines.  SchLCic's 
icovery  of  the  oxy-muriatic  acid,  has  added  one  fourth  to 
c  capital  of  all  the  bleachers  and  callico-printers  of 
t  Britain  ;  the  theoiy-  of  Lavoisier  gave  rise  to  D'Ar- 
uid's  lamp  ;  the  experiments  on  the  distillation  of  pit 
tl  for  coal  tar,  promise  f;dr  to  furnish  a  better,  a  bright- 
3-,  a  cheaper  light,  than  any  other  known  com- 
ustible ;  the  barometer  has  greaUy  improved  the  steam 
te,  and  the  ivater  blast  of  the  Brilisli  iron  works  ;  the 
r  implication  of  steam  has,  in  England,  changed  the  face  ol" 
Ae  dye  house,  the  distillery,  and  the  soap  manufactorj-  ; 
k  has  improved  the  cooking  apn^"-*"*  of  the  kitchen,  it 
has  «-anned  the  p-jblic  UuUdings,  it  has  been  converted 
into  a  medicinal  application  of  great  importance, — while 
ihe  steam  engine  itself  has  given  incalculable  force  and 
bcility  to  the  manu£ictures  of  the  kingdom,  nearly  with- 
out  exception. 

In  almost  all  this  knowledge,  and  in  this  application 
of  it,  as  in  a  thousand  similar  instaiKes  that  might  be 
added  to  diis  short  list,  our  own  country  is  yet  beliind- 
hand,  and  has  yet  to  learn. 

Moreover,  papers  that  would  be  considered  as  of  no 
great  moment  in  that  manufacturing  countr)',  will  be  of 
use  in  this.  In  the  infancy  of  our  manufacturing  esta- 
blishments,  &p  conductors  of  them  have  to  teel  their  patl^ 
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to  trcad  cautiously,  to  reflect  anxiously,  and  lights  be* 
come  important  in  the  midst  of  dariuiess  that  would  be 
unseen  or  unnoticed  in  the  blaze  of  day. 

Having  been  much  occupied  in  chemical  pursuits,  and 
much  conversant  with  manu&ctures  and  manufacturers,  I 
feci  myself  as  well  qualified  as  most  men,  to  select  such  in-^ 
formation  as  in  some  way  or  other  will  be  worth  attention, 
but  which  also  will  require,  as  I  hope  it  will  generally  re- 
pay, attention.  Making  this  a  stock-book  for  papers  of  va- 
lue on  the  manufactures  and  the  arts,  I  must  be  greatly  in- 
debted to  other  publications,  and  fi^uently  to  publicaticms 
well  known :  frequently  too,  I  shall  have  to  republish  in 
pursuit  of  my  plan,  what  may  have  been  already  publish- 
ed by  myself  or  others.  If  I  make  this  work,  as  I  mean 
to  do,  the  repository  for  this  kind  of  information,  I  must 
do  so.  No  man  can  pretend  to  be  original  throughout  a 
work  on  tlus  extensive  plan  \  it  will  be  well  conducted  if 
he  select  judiciously. 

Whether  it  be  worth  while  to  encourage  manufactures 
in  this  country,  or  to  turn  aside  a  part  of  the  capital  from 
the  immediate  employment  of  i^culture  is  a  question 
of  great  moment.  Au  bounties  and  protecting  duties, 
are  taxes  upon  the  rest  of  the  community,  in  support  <rf 
diat  employment  of  capital,  which,  without  them,  would 
be  injudicious  and  unproductive.  While  so  much  land 
remains  uncultivated,  there  can  be  no  want  of  oppotuni- 
ties  of  employing  capital  in  America.  Generally  speak- 
ing also,  the  interference  of  government  is  sadly  mis- 
placed, when  it  attempts  to  direct  the  capitalist  what  he 
shall  do  with  his  money.  Laissez  nous  Jaire^  ih  the  pro- 
per reply.  Still,  there  are  considerations  of  great  weight 
with  me,  in  opplosition  to  this  general  reasoning,  that  I 
have  never  seen  urged. 

1st.  Our  population  is  becoming  scattered  over  such 
an  extent  ot*  tenitcxy,  that  the  nati(XA  is  really  weakened 
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by  it ;  defence  is  more  difficult  and  expensive ;  active 
hostility  almost  impossible ;  the  communication  of  socie- 
ty, and  of  course  of  knowledge,  is  greatly  retarded ; 
many  of  our  citizens  are  tempted  to  live  in  a  half  savage 
state ;  and  even  the  administration  of  law,  and  the  mainte- 
nance of  order  and  necessary  subordination,  is  rendered 
imperfect,  tardy,  and  expensive. 

2dly.  Our  agriculturists  want  a  home  market :  manu- 
factures would  supply  it.  Agriculture  at  great  distances 
from  seaports,  languishes  for  want  of  this.  Great  Britain 
exhibits  an  instance  of  unexampled  power  and  wealth, 
by  means  of  an  agricultiu^  gi*eatly  dependent  on  a  sys- 
tem (^  manufacture :  and  her  agriculture,  thus  situated,  is 
the  best  in  the  world,  though  still  capable  of  gi^eat  im- 
provement. 

3dly.  We  are  too  much  dependent  upon  Great  Britain 
l<x  articles  that  habit  lias  converted  into  necessaries.  A 
state  of  war  demands  privations  that  a  large  portion  of 
our  citizens  reluctandy  submit  to.  Home  manufactures 
would  greatly  lessen  the  evil. 

4thly.  By  means  of  debts  incurred  for  foreign  manufac- 
tures, we  are  almost  £^dn  become  colonists :  we  are  too 
much  under  the  influence,  indirectly,  ot  British  merchants 
and  British  agents :  we  are  not  an  independent  people. 
Manufactures  among  us  would  tend  to  correct  diib,  arid 
give  a  stronger  tone  of  nationali^  at  home.  I  gready  va- 
lue the  intercourse  widi  that  country,  of  pre-eminent. 
knowledge  and  energy,  but  our  dependence  upon  it  is  of- 
ten so  great,  as  to  be  oppressive  to  ourselves. 

5thly.  The  state  of  agriculture  would  improve  widi 
the  improvement  of  manufactures,  by  means  of  die  gt^ne- 
ral  spirit  of  energy  and  exertion  which  no  where  exisis  in 
so  high  a  degree  as  in  a  manufacturing  country' ;  ai.d 
by  the  general  improvement  of  macliLier} ,  and  tlic  de- 
mand of  raw  materials* 
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6thly.  The  introduction  of  manufactures  ivould  t-S- 
tend  knowledge  of  all  kinds,  particularly  scientifical. 
The  dements  of  natural  philosophy  and  of  chemistry, 
now  form  an  indispensable  branch  of  education  among 
the  manufacturers  of  England.  They  cannot  get  on 
without  it.  They  cannot  understand  or  keep  pace  with 
the  daily  improvements  of  manufacture  without  scientific 
knowledge:  and  scientific  knowledge  is  not  insulated;  it 
must  rest  upon  previous  learning.  The  tradesmen  oS 
Great  Britain,  at  this  day,  can  furnish  more  profound 
thinkers  on  philosophical  subjects,  more  acute  and  accu- 
rate experimenters,  more  real  philosophers  thrice  told, 
Fthan  all  Europe  could  furnish  a  centurj'  ago.  I  wish  that 
were  the  case  here;  but  it  is  not  so.  I  fear  it  is  not  true, 
that  we  are  the  most  enlightened  people  upon  die  face  of 
the  earth  ;  unless  the  facility  of  political  declamation  be 
the  sole  criterion  ofdecisirai,  and  the  universal  test  of  ta- 
lent. Wc  should  greatly  improve,  in  my  opinion,  bj-  a 
Ihtlc  more  attention  to  mathematical  and  physical  science  ; 
I  would  dierefore  encoun^  whatever  would  introduce  a 
general  taste  for  such  pursuits. 

7thly.  Becausedie  home  trade,  consisting  in  theexchange 
of  agricultural  suq>lus  for  articles  of  manufacture  produ- 
ced in  our  own  countrj',  ^vill  for  a  long  time  to  come,  fur- 
nish the  safest,  anddieleast  dangerous,  the  least  expensive, 
and  the  least  immoral — the  most  productive  and  the  most 
patriotic  employment  of  surplus  capital,  however  raised 
and  accumulated.  The  safest,  because  it  requires  no  na- 
^^  vies  exclusively  for  its  protection :  the  least  dangerous,  be- 

^B  cause  it  furnishes  no  excitement  to  the  prevailing  madness 

^^  of  commercial  wars  :    the  least  expensive,  for  the  same 

■  reason  that  it  is  the  safest  and  the  least  dangerous  :    the 

K  least  immoral,  because  it  furnishes  no  temptation  to  the 

H  breach  or  evasion  of  the  laws ;    to  the  multiplication  oS 

B  <Mths  and  perjiu-ies ;  and  to  the  consequent  prostratitHi  of 
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L«ll  religious  feeling,  and  a]l  social  amfr^SFTnom 
f  productive,  because  the  capital  admits  of  quicker  re* 
I  pim  I  because  the  whole  of  the  capital  is  penmanently  in. ' 
fclfestcd  and  employed  at  home;  because  it  contributes  di- 
■liectly,  immediately,  and  whollj-,  to  the  internal  wealth  and 
ftpcsources  of  the  nation  :  because  the  credits  given,  are 
BDtve  easily  watched,  and  more  effectually  protected  by  our 
Bnvn  laws,  well  known,  easily  resorted  to,  and  speedily  ex- 
^  ecuted,  than  if  exposed  in  distant  and  inforeign  countries, 
L  controuled  by  foreign  laws  and  foreign  customs,  and  at 
[  Ibe  mercy  of  foreign  agents  :  the  most  patriotu:,  because 
I  It  binds  the  persons  employed  in  it,  by  all  the  ties  of  habit 
L  ^d  of  interest,  to  their  ou-n  country  ;  while  foreign  trade. 
■pends  to  denationalize  the  affections  of  those  whose  pro- 
perty is  disp)erscd  in  foreign  countries,  whose  interests  are 
■connected  with  foreign  interests,  whose  capital  is  but  par- 
Itially  invested  at  the  place  of  their  domicil,  and  who  can 
Bemove  with  comparative  facility  from  one  country  to  ano- 
■ber.  The  wise  man  observed  of  old,  that  "  where  the 
fcreasure  is,  diere  will  the  heart  be  also,"  and  time  has  not 
^detracted  from  the  truth  of  the  remark. 

Nor  can  there  be  any  fear  that  for  a  century  to  come, 

fljere  will  not  be  full  demand  produced  by  a  sj^tem  of 

home  manufacture,  for  every  particle  of  surplus  produce 

that  agricultim;  ciin  supply.     Consider  for  a  moment  what 

we  the  articles  thitt  may  fairly  be  regarded  as  of  the  fii^st 

necessity,  that  an  agrlcultunil  capitalbt  will  require  eitha" 

to  conduct  his  business,  or  for  his  reasonable  comforts. 

i  1st.  Tlic  iron  mamifacture  in  all  its  brandies  from  the  ore 

I  Id  the  boiling  pans,  the  grate,  the  stove,  the  tire,  the  plough- 

,  the  spade,  the  scytlie,  the  knife  and  fork,  the  sword 

e  gun :  the  copper  manufacture,  for  his  distilling 

iels;  for  the  bolts  and  sheatliing  of  ships:  t\\c  lead  ina- 

teture,  for  his  paints  and  his  shot :  tlie  tin  maniijl/cture, 

r  his  kitchen  utenwis ;  the   manufacturing  of  powdt 
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forhiastingandlbr  firearms:  liecaiinot  dispense  wKh  tht 
whod-  «Ti^it,  the  mill-wTiglit,  the  carpenter,  the  joiner,  the 
tanner,  the  curriar,  llie  sadlcr,  the  potter,  the  glass  maker, 
the  spinner,  the  weaver,  the  fuller,  the  dyer,  the  ^ocmaker, 
the  hatter,  the  maker  of  machines  and  tools,  and  vay  ma- 
ny tmdes  and  handicrafts  not  enumerated.  Of  aU 
these  occupations,  every  one  of  which  may  be  emplc^- 
ed  in  fumislting  articles  eidicr  of  immediate  necessity  of 
reasonable  want,  or  of  dii"cct  connection  with  agri- 
culture, we  have  in  abundance  the  raw  materials  of  manu- 
facture, and  the  raw  material,  uninstructed  man  to  manu- 
facture them.  Is  it  to  be  pretended  that  these  occupations 
when  fully  under  way  at  home,  will  not  furnish  a  market 
for  the  superfluous  protluce  of  agriculture,  provided  that 
produce  be,  as  it  necessarily  will  be,  suited  to  the  demand? 
Or  ought  this  variety  of  occupation^  and  above  all,  the 
mass  of  real  knowledge  it  implies,  to  be  renounced 
and  neglected  for  die  Kike  of  foreign  commerce — ^that 
we  may  not  interfere  with  the  profits  and  connexions  of  the 
merchants  who  reside  among  us,  and  that  we  may  be  tax- 
ed and  tolerated  and  licensed  to  fetch  from  abroad,  what 
we  ixin  with  moderate  exertion  supply  at  home  ?  And  yet 
this  is  the  doctrine  not  merely  advocated  and  recommend- 
ed among  us,  but  likely  to  become  the  fashionable  creed 
of  pohtical  economy,  wherever  mercantile  interests  and 
connections  prevail.  It  appears  to  me  of  national  impor- 
tanc  to  counteract  tliesc  notions.  As  a  source  of  national 
wealth,  I  \vould  no  more  encoun^  manufacture  than  I 
would  encourage  commerce — I  would  encoiu-age  or  dis- 
courage neidier :  for  I  am  jxrsuaded  diat  the  aggregate  of 
individual,  constitutes  national  wealth;  and  thatagovenv- 
ment  is  conceited  and  presumptuous,  when  it  attempts  to 
instruct  an  individual  how  he  can  employ  his  industry  and 
his  capital  most  beneficially  for  his  own  interest. 

Ever}'  treatise  on  politicLil  economy  ought  to  have  its 
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first  page  occupied  with  the  answer  to  Cdbert,  &ST  ui 

ALOKE. 

But  as  a  mean  of  national  defence,  and  national  inde^ 
pcndence— as  a  me^i  of  propagating  among  our  citizens 
the  most  useful  and  practical  kinds  of  knowledgo-^-as  a 
mean  of  giving  that  energetic,  frugal,  calculating  and  fore- 
seeing character  to  every  branch  of  our  national  industry^ 
that  does  not  exist  but  among  a  manufacturing  people— • 
as  a  mean  of  multiplying  our  social  enjoyments  by  con* 
densing  ouf  population-— and  as  a  mean  of  fixing  the  con- 
sumers and  the  producers  in  the  immediate  neighbourhood 
of  each  other — I  would  encourage  the  commencement  at 
least  of  home  manufacture.  Not  the  manufacture  of  gold 
«nd  silver — not  the  velvets  of  Lyons  or  the  silks  of  Spital- 
&elds-«»the  laces  of  Brussels  and  the  lawnsofCambray — not 
the  dinquaillerie  and  bijouterie  (rf*  Paris  and  Birmingham, 
butsuch  as  we  feel  the  want  of  in  time  of  war ;  such  as 
may  fiurly  be  regarded  as  of  prime  necessity,  or  immedi-^- 
ately  connected  with  agricultural  wants  and  pursuits. 

8thly.  I  would  remark,  that  nature  seems  to  have  fur- 
nished the  materials  of  manufacture  more  abundantly  in 
Pennsylvania  in  particular,  than  in  any  coUntr}'  I  knoW  of» 
The  very  basis  of  aD  profitable  manufacture,  is  plenty  of 
fuel,  easily,  cheaply,  and  permanently  procurable :  the  next 
desirable  object,  is  plenty  of  iron  ore ;  iron  being  the  ar- 
ticle up(Mi  which  every  other  manufacture  depends.  It 
is  to  the  plentiful  distribution  of  these  two  commodities, 
that  Great  Britain  is  chiefly  indebted  for  the  pre-eminence 
of  her  manufactures  and  her  commerce.  I  have  not  a 
doubt  on  my  mind,  but  both  pitcoal,  and  iron  ore^  i\re  more 
plentifully  distributed  in  Pennsylvania  than  in  Great  Bri- 
tain; and  tliat  both  the  one  and  the  other  can  be  gotten  at 
more  easily  and  cheaply  in  this  country,  than  in  that* 
Moreover  we  luivc  a  decided  superiority  in  the  raw  mate^ 
vials  of  Cotton,  Hemp  and  Flax ;  in  our  alkalies  for  glass 
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woAs  ?  in  t}ie  hides  and  the  tanning  materials  of  the  lea^ 
thtr  manufactory ;  and  we  can  easily  procure  that  advan- 
tage, so  far  at  least  as  our  own  consumption  requires  it,  in 
the  woollen  manufact(^.  Other  branches  might  be  enume- 
rated wherein  our  advantages  of  internal  resource  are  un- 
deniable ;  but  I  cannot  see  why  we  should  neglect  or  des- 
pise these.  Nothing  but  a  stimulus  b  wanted  to  induce 
and  enable  us  to  make  a  proper  use  of  our  domestic  rich* 
es.  But  men  of  skill  and  men  of  capital,  fear  to  begin ; 
lest  on  the  return  of  peace,  tliey  should  be  exposed  in  the 
weakness  and  infancy  of  their  undertaking,  to  contend 
with  the  overwhelming  capital,  and  skill  of  the  £ur(^)ean 
powers,  particularly  of  Great  Britain* 

For  these  reasons,  I  think  it  would  be  expedient  so  far 
to  aid  the  introduction  of  manufactures  in  this  countr}',  by 
piotecting  duties,  as  to  afford  a  reasonable  prospect  of 
safety  to  the  prudent  investm^t  of  capital,  and  the  Indus* 
trious  pursuit  of  business;  but  no  bounty  to  wild  specula<«^ 
tion,  to  negligent  workmanship,  or  to  smuggling. 

But  I  must  not  forget,  that  for  a  book  to  be  useful,  it 
must  be  saleable.  However  desirous,  therefore,  I  may 
be  of  making  this  a  stock  book  for  papers  on  the  arts  and 
mianufactures,  I  shall  not  so  crowd  it  with  dry  detail^ 
and  with  matter  but  partially  interesting,  as  to  leave  no 
room  for  miscellaneous  infcHniation  of  a  more  general  na- 
ture. I  shall  be  glad  to  introduce  notices  of  oiu*  own  in- 
ventions  and  improvements,  and  descriptions  of  our  own 
rismg  manufactures.  I  shall  be  very  glad  to  receive  iuid 
insert  articles  of  this  kind,  and  generally  any  original 
paper  which  I  may  deem  worthy  (rf'the  public  eye.  Com- 
munications of  this  dcscripuoii,  post  paid,  to  myself  or 
the  publisliers,  Kimber  and  Richardson,  of  Philadelphia^ 
will  be  honestly  attended  to. 

Thomas  Cooper 
tkariislcy  Febfuari/j  1813. 
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CONDITIONS. 

The  Emporium  of  Arts  and  Sciences  will  be  publislv 
ed,  in  numbers,  every  two  months,  each  number  contain- 
ing  appropriate  and  well  executed  engravings,  and  a- 
bout  one  hundred  and  fifty  pages  of  letter  press, 

TTie  price  of  the  Emporioum  will  be  seven  dollars  per 
annum,  one  half  to  be  paid  every  six  montlis. 

No  subscription  will  be  taken  for  less  thiin  a  year. 

Subscriptions  will  be  received  by  the  publishers,  Kim- 
ber  and  Richardson,  No.  237,  Market  Street,  Philadd- 
phia ;  and  Alexander  &  Phillips,  Carlisle. 

I  have  inserted  the  prospectus  in  tliis  number,  as  cout 
taimng  the  proper  reasons  for  undertaking  it,  and  the  piun 
on  which  I  mean  (if  I  can)  to  conduct  it.  To  the  pros- 
pectus  as  origmally  published,  I  have  made  some  addi- 
tional observations  in  favoiu*  of  a  system  of  home  manuiac- 
lure.  I  have  done  so,  on  purpose  that  I  may  express  my 
dissent  fix>m  the  doctrines  contained  in  a  work,  gready 
praised  and  recommended  in  the  American  review  for 
October  1812,  viz.  An  inquiry  into  the  various  systems  of 
political  economy^  their  advantages  and  disadvantages ^  and 
the  theory  most  Javourable  to  nationalwealth^  Ay  Charles 
Ganilh,  Advocate.  Translated  from  the  French  hy 
D.  BoiLE  AU,  author  of  an  introduction  to  Political  Eco- 
nomy.    New- York,  Bradford  and  Inskeep,  Philadelphia. 

The  means  of  encreasing  national  wealth,  the  impor- 
lance  of  foreign  trade,  the  necessity  of  attending  to  the  ba- 
lance of  trade,  and  the  excess  of  export  above  import,  aid 
much  fact  and  reasoning  relating  to  this  subject,  will  be 
found  in  the  writings  of  Dr.  Davenant,  Mr.  Gee,  Sir  Josiuh 
Chikl,  &c.  about  the  time  of  King  William  and  Queen 
Ann;  and  many  facts  and  arguments  are  adduced  by 
these  writers  well  worth  notice  in  the  present  Aiy .  Inde<.*d 
1  much  wish  a  cottecdon  were  made  and  republished  of 
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pearee  tracts  on  commerce  and  poUtical  economy,  in 
which  these  authors,  and  Sir  W.  Pet]t*$  tracts  should  be 
included.  There  is  also  a  very  good  paper  in  the  stile  of 
the  day,  by  Addison,  supposed  to  be  written  for  the  Specta- 
tor, by  Sir  Andrew  Freeport,  the  merchant  of  his.  club« 
The  essays  of  Hume,  and  Sir  James  Steuart,  next  sue* 
ceeded  in  England ;  essays  of  sterling  merit  on  difficult 
questions  of  political  economy. 

In  the  mean  time,  Dr,  Quesnay,  in  France,  first  px^- 
gated  the  doctrine  that  ^iculture  and  agricultural  labour^ 
was  the  sde  prodvictive  labour,  and  the  only  source  of  res 
venue :  that  every  other  species  of  labour  was  employed 
not  in  creating  produce,  like  agriculture,  but  in  changing 
^  form  of  that  which  agriculture  had  produced.  Ques^, 
nay  was  the  founder  of  a  new  Sect,  the  Econqmistes^  whok 
xnay  claim  as  associates,  the  two  Mirabeaus,  father  and 
8on,  Turgor,  Condorcet^  La  Riviere,  and  many  others ; 
and  in  part,  the  later  economistes  in  that  language,  de  Ca« 
faux,  Herrenschwand,  Gtamier^  Canard,  Sec* 

At  length  arose  Adum  Smith,  \*^io  in  his  *^  Wealth  or 
liations,"  developed  the  priinciples  of  the  ec(xiomistes,  and 
^pitiiied  their  general  positions  with  facts  and  arguments,, 
90  clear,  sQ  strong,  so  luminously  urged,  and  so  well 
(ybtematized,  that  ^m  the  tin^e  of  its  publication  to  the 
present  day,  it  has  been,  and  will  in  the  future,  as  I  think 
continue  to  be,  the  book  on  the  subject  of  poUtical  ecpno* 

^  Mirftbeau  V  aine.    Ami  des  hommeA. 

Mirabeau  le  jeune.    Various  paasagea  in  his  Monarchie  Pnxssienno. 
Turgot,  Condorcct.    Sec  Condorcct'a  Life  of  Turgot. 
Mercier  de  la  Rtvierei^  Ordre  naturel  des  Societes  politiques. 
De  Casaux.    Sur  ie  mechanisme  des  societes,  Bte. 
Herrcn«chwand.    Discouim  fonduneotal  siir  lik  p<^mUltioit.    C^nilh  hat. 
tf  ted  this  Work; 

I>i8eour8  sur  le  Com^nerce  cxterieur* 
U  dtvisioii  des  Terres. 
Canard  and  Gamier  are  fi«quenUy  noticed  hj  Ganilhf  tte  authitfs  sbofve 
lOTtioiicidi  Ace  oot  noticed  b|r  him  so  &r  at  Iohier?e» 
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my.  No  man  ought  to  pretend  to  knowledge  on  this  sub» 
ject,  who  has  not  studied  Adam  Smith's  volumes^  Since 
his  time,  the  generality  of  English  writers  have  adopted 
the  leading  principles  of  the  economistes,  but  with  vari- 
adons  as  to  the  productive  nature  of  manufactures  and 
commerce ;  such  as  Arthur  Young,  Crumpc,  Anderson^ 
W.  Vaughan,  Lord  Lauderd-iie,  &c. 

The  particular  value  of  foreign  compared  with  domes^ 
tw  commerce,  or  the  home  trade,  has  not  been  sufficient*^ 
ly  agitated.  Some  desultory  remarks  are  to  be  found 
scattered  among  the  numbers  of  Young's  annals  of  agri* 
culture.  In  the  latter  end  of  the  year  1799, 1  imdertook 
briefly  to  discuss  thb  question,  not  kno^\ing  of  any  regu* 
lar  investigation  of  it  in  England.  That  essay  I  shall  re* 
publish.  Some  years  afterward,  the  same  side  of  the  ques* 
tion  was  taken  up  by  Mr.  Spence  and  Mr.  Cobbett.  Spen« 
ce's  pamphlet.  Great  Britatn  Independent  of  Commerce^ 
(1808)  has  not  screed  with  the  meridian  of  British  po- 
litics either  in  that  country  or  in  this ;  but  it  contmns  much 
matter  worthy  of  reflection.  Those  who  defend  the  mer- 
cantile  system  of  fcH^ign  commerce,  are  universally 
hostile  to  it ;  but  it  will  stand  its  ground. 

The  work  of  Mr.  Say  I  have  never  seen.  Nor  did  I 
m?et  with  Ganilh,  until  I  perused  the  laboured  panegyric, 
on  it,  in  Mr.  Walsh's  review.  The  public  are  obliged  to 
that  gentleman,  for  ^ving  notoriety  and  circulation  to  a 
book  written  with  undoubted  ability,  on  a  subject  of  the 
very  first  importance ;  and  I  hope  with  the  editor  of  that 
re\  iew,  that  a  translation  of  Mr.  Say's  treatise  will  meet 
with  sufficient  encouragement,  to  remunerate  its  pub* 
lication.  Too  much  publicitj'  cannot  be  given  to 
works  of  merit,  cm  any  side  of  the  great  questions  of  poU* 
ticaleccHiomy. 
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Mr.  Ganifii'b  leading  positions  are 

1st.  That  the  basb  of  public  happiness  and  prosperity 
is  national  iveakh. 

2dly.  That  national  wealth  connects  the  poor  and  the 
lich,  ameliorating  always  the  condition  of  the  fonner,asto 
tiieir  rights,  privileges^  and  enjoyments. 

Sdly.  That  national  wealdi  always  has  followed,  and  is 
principally  promoted  by  foreign  commerce. 

4thly.  That  there  can  be  no  accumulation  of  wealdi  in  a 
State  merely  agricultural,  inasmuch  as  no  equivalent  can  be 
given  in  such  a  state  for  the  surplus  produce  of  agricul* 
tural  labour. 

5thly.  That  the  foreign  trade,  b  gready  more  productive 
of  national  wealth  than  the  home  trade :  and  therefore  go. 
venunents  ought  to  afford  it  particular  encouragement. 

Gddy.  That  Colonies  contribute  greatly  to  national 
wealth, 

7thly.  That  it  is  the  duty  of  governments,  to  inteifere^ 
andtor^ulate  the  course  of  national  industiy. 

In  all  these  positions  I  think  Mr.  Ganilh  more  or  less 
mistaken.  I  shall  therefore  take  an  q)portunity  of  review^ 
ing  Mr.  Ganilh's  book,  and  of  refuting  (if  I  can)  not  only 
these  leading  features  of  his  system,  but  many  of  his  other 
statements  of  minor  importance,  connected  with  his  g^ 
neralthecHy.    Probably  in  the  next  number*    T.  C* 
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Index  to  the  (Bssertation  an  theltiov  mmmjkctme. 

Authors  on  die  subject  of  Iroiu 

Preliminary  observations. 

Remarkson  Iron  ores,  the  mode  of  working  diem^  and 

their  general  classification. 
On  Iron  ores  perdculaiiy, 

as  to  the  state  of  die  Iron  contained  mtfaem» 

as  to  the  quantity  of  Iron  contmned  in  thetti. 

as  to  the  earths  with  which  they  are  mixed. 

On  die  mode  of  ascertaining  the  propordcxi  of  Limestone 

in  an  fron  ore,  and  the  fluxes  of  Iron  ores. 
On  the  analy»s  of  Iron  ores  in  the  dry  way,  or  by  means 

of  fusion. 
On  the  roasting  of  Iron  ores. 

On  Fuel.  Charcoal  of  wood.  Charcoal  or  Coak  of  Pitcoal. 
On  the  Blast  fimiace. 
On  the  methods  of  r^ilating  die  blast. 
On  the  various  kinds  of  Pig  Iron  produced  firom  a  blast 

furnace. 
On  the  Bloomeiy  or  Refinery. 
On  die  characters  of  pure  Iron. 
Air  furnace  of  a  Fouudcry  for  large  castings. 
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IRON. 
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TMs  is  the  most  extensive,  and  by  &r  the  most  valua^ 
bk  manufecture  of  this,  or  indeed  of  any  countrj^ :  for 
beside  its  intrindc  importance,  the  pafection  of  almost 
every  other  manufiicture  dejpends  upon  that  of  Iron. 

Important  as  it  is,  I  know  of  none  so  long  practised  and 
so  litde  understood.  Almost  all  the  principal  publications 
lelating  to  it,  1  have  at  one  time  or  other  had  occasion  to 
consult ;  but  little  as  I  have  seen  of  the  practice,  lam  fully 
persuaded,  that  ho  reading  will  compensate  for  want  of 
opportunity  of  observing  the  actual  state  of  the  manu&c* 
ture  leisurely  and  patiently  in  all  its  stages.  Hbwever^ 
I  am  certain  that  it  will  be  a  work  of  utility,  to  digest  and 
condense  the  principal  facts  and  observations  that  I  c^ 
find  registered  in  the  publications  relating  to  this  subject* 
Those  who  desire  laorc  minute  informaticxi  firom  writers^ 
will  have  to  consult, 

The  detail  of  the  Swedish  practice  in  folio  with  many 
plates  by  the  Baron  Emanuel  Swedenborg.  I  have  not 
met  with  this  laborious  and  important  wcMrk,  (which  I  for« 
merly  perused  with  much  interest)  in  this  country.  N<^ 
have  I  found  here, 

Rmman^s  Historia  ferri ;  a  very  good  book,  which  is 
not  yet  translated  that  I  know  of,  at  least  into  English*  It 
is  translated  into  German.  This  was  first  published  in 
1782.  1772  the  same  author  f  Sueno  Rinman)  published 
his  Introduction  to  tlie  art  of  improving  the  maiiufactoiy 
of  Iron  and  Steel.  In  1789  his  large  Dictionary  of  min^ 
ing.  In  1784  and  in  1798  and  1800  he  published  hit 
System  of  mechanics  with  their  applicati(Mi  to  mimng  in 
conjunction  with  Erick  Nordwall.  These  works,  of 
which  I  have  seen  none  but  the  Historia  ferri,  are  regard- 
ed as  stock  books  on  the  subject,  and  ought  to  be  in  eveiy 
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Ihblick  library :  especially,  as  even  j-et  in  England^  thdr 

t  steel  can  only  be  nuide  out  of  Swedish  iron. 
t  In  1783  I  translated  for  my  deceased  &iend  Dr.  Ch. 
\yIor,  the  Dissertation  or  l^hesis  de  Analyst  Ferri,  of  J. 

idolin,  published  by  Bergman,  which  first  gave  to  the 
blic,  accurate  experiments  on  the  different  products  of 

1  and  steel  when  treated  in  tlie  moist  way. 
rffome's  essay  on  iron  and  steel,  12mo.  is  a  book  Avell 

ten  of,  which  I  have  never  seen. 
^Reaumur's  small  treatise  on  the  conversion  of  iron  mlo 

d:  of  which  there  is  an  English  translation:  buttheob- 
servationsand  theory,  are  for  the  most  part  superceded  by 
the  more  accurate  knowledge  of  tlie  present  day. 

The  works  I  have  actually  consulted  for  the  present  oc- 
casion, are 

The  mineralogical  treatise  of  Schiutter,  by  Hellot,  in  3 

tjs.  quarto,  <£  which  there  are  two  copies  in  Philadd-  '* 
*fbe  ttuneralogical  travels  of  Mr.  Jars,  in  3  vols,  tpiarto. 
The   series  of  Essays  of  Dtiuid  Musket,  Esq.  of  the 
yde  iron  works. 

Sergman's  dissertation  on  the  white  ores  of  iron,  and  the 
essay  de  anali/si  Jerri.    ■ 

TiUoch's  Pliilosophical  magazine. 
The  specifications  of  Mr.   Cort,  and  Mr.  John  fTU- 
imtson,  in  the  Repertory  of  arts,  and  Dr.  £eddoes's  accoimt 
Mr.  Cort's  process. 

Tire  essays  of  Zh-.   CoUier  on  the  steel  furnace  in  the 
ichtster  Transactions :  and  of  Mr.  Farley,  in  Dr.  Til-  . 
loch's  Philosophical  magazine. 

The  detached  essays  on  steel  in  Nichol90n*s  Journal :  and 
The  well-written  articles  in  Aikins's  Dictionary,  and 
in  Rec^s  new  Eiicyclop<edia.     Giving  however  my  own 
view  of  iIk  subject,  and  adding  occasionally  my  own  re- 
marks where  1  ieel  myself  entitled  to  oScr  them, 
C 
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TTieitaJ^'  lew  cHemlsts  in  this  ccmiilry  aMi'cffl|;  l 
facturcTs,  and  I  shall  therefore  endeavour  to  make  use  of 
such  language,  that  men  who  are  not  skilful  chemists  may 
understand  me,  but  some  technical  expressions  I  must 
employ.  I  do  not  write  for  professed  chemists,  or  to 
instruct  practical  iron  masters,  or  to  transform  suddenly 
a  pcrscai  who  is  ignorant  of  the  subject,  into  a  skilful  foun- 
der, M  forgcman :  but  to  lay  t<^;ttlier  such  otservations, 
as  may  give  some  connected  ideas  to  those  %vho  are  not 
Iron  masters,  and  lead  those  who  are,  to  reflect  on  the 
views  which  ought  to  guide  overy  pat  of  their  process,  as 
it  comes  in  succession. 

Prelitnwory  okiervalions.  I  have  repeatedly  met  with 
persons,  who  think  that  nothing  more  is  necessary  to  ren- 
der a  place  valuable  ftff  iron  i\"orks  than  that  there  should 
be  plenty  of  iron  ore  on  it.  But,  beside  this  (which  ought 
to  be  at  least  a  20  years  stock,)  it  is  necessary  to  enquire, 
whether  there  be  plenty  of  wood  for  cliarcoal,  and  at  what 
price  a  permanent  and  perpetual  supply  can  be  obtained— 
whether  there  be  plenty  of  water  to  furnish  at  all  times  the 
necessaiy  force — ^\\helhtr  the  situation  be  convenient  to  a 
never  failing  market  ior  the  ware  when  made— whether  it 
be  within  reach  of  water  earriagt^ — v.  hat  other  works  inter- 
fere with  it — whether  lime-stone  be  handy  if  it  sliould  be 
necessarj'  as  a  flux— at  what  price  per  ton  the  ore  and 
the  coal  can  be  delivered  at  the  furnace — and  what  is  the 
quality  of  the  ore  itsell.  For  this  purpose,  it  may  be  well 
enough,  not  merely  to  get  Uit  opinion  of  some  skilful  iron 
inaster  or  foundtr  in  the  lirst  instance,  but  also  to  get  a 
loop  or  two,  run  in  a  rough  way  at  a  bloomeiy,  out  of  the 
ore.  When  all  tliis  is  satistactorily  ascertained — when  the 
ore  bank,  and  the  «  oodfand  is  purchased — when  the  water- 
force  for  the  blast  is  secured — ^the  capital  to  build  the  pur- 
chase on  a  moderate  scale,  say  30  feet  square  on  the 
ground  plan ;  to  raise  the  dam,  to  dig  the  race,  to  lay  on 
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r;  to  construct  tfie  water  wheel,  tlic  dnims,  the 
fo-buildings ;  to  erect  cottages  for  the  work  people ;  to 
1  teams ;  to  lay  at  the  furnace  mouth  three  months 
SUpplyofcoal,  audore,and  lime-stone  ■,  to  make  roads;  to 
pay  wages  and  other  current  expences  for  nix  m.onths  be- 
fore any  return  of  capital  is  made,  will  require    10,000 
dollars  to  enable  the  iron  master  to  go  on  smootht)^,  uiid 
without  making  sacrifices.     A  man  of  experience  in  the 
business  maybcgin  ivith  something  less  :  but  the  experi- 
ment is  rendered  hazardous,   requiring  incessant  dili- 
gence ;  and  many  accidents  that  though  not  foreseen,  ought 
to  be  counted  upon,  may  defeat  the  undertaking  :  moreo- 
ver, to  every  calculation  of  probable  cost,  at  lc:ist  ten  per 
eent  ought  to  be  added  for  the  article  of  contingent  expen- 
ces, to  wMch  every  new  undertaking  is  liable. 
^^p  It  is  not  common  in  England  to  erect  iron  wwks  UTth- 
^^■tt  making  a  bloomer^',  a  slitting  mill,  and  a  rolling  mill, 
^Ipvts  of  the  establishment.     It  ought  to  be  so  evety 
^nrttere,  but  it  ts  seldom  so  in  this  country. 
H  •  fo  England  very  few  iron  wwks  depend  upon  a  water  . 
-^   Ibrce:  they  are  worked  by  steam  engines :  in  this  country », 
steam  engines  are  as  yet  but  little  known.  The  time  I  hope 
is  &st  approaching,  especially  in  the  coal  districts,  when 
our  manufacturers  will  find  the  advantage  of  carrying  their 
power  to  their  worits,  and  not  their  works  to  their  poMer- 
In  England  nine  tenths  of  all  the  iron  made,  is  made  by 
the  coak  of  pitcoal :  in  this  country-,  as  on  the  ctrntinent 
of  Eurt^,  the  charcoal  of  wood  is  used,  almost  exclu- 
sively.    I  see  the  day  cMning  ^vhen  we  also  shall  bedriven 
to  the  use  of  phcoal,  cX  which  there  is  great  abundance  in 
many  parts  of  this  country.    Hence  I  shall  not  think  it  im- 
proper in  the  course  of  this  dissertation  to  present  the  rea* 
der  whh  facts  relating  to  this  kind  of  fuel ;  for  I  am  well 
persuaded  Uiat  in  a  few  years  they  will  become  usc&l. 
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Remarks  on  Iron  Ores.,  the  mode  of -working  t/iem,  and 
their  general  classijication. 

The  IbUowing  remarks  are  from  Mr.  Mushet,  3  Phil. 
Mag.  193. 

Iron-stones,  though  commonly  denominated  ores  of 
clay,  contain  notwithstanding  a  variety  of  mixtures,  and 
may  with  propriety  be  divided  into  the  following  classes  : 

1.  Iron-stone  that  has  clay  for  its  chief  componant  earthy 
and  this  clay  comparatively  pure  and  free  from  sand. 

2.  Iron-stone  possessing  lime  for  its  chief  mixture,  and 
this  lime  also  comparatively  destitute  of  sand. 

3.  Iron-stone  that  unites  clay  and  lime,  containing  hr^ 
proportions  of  silex ;  hence,  fordistinctioii'ssake,  these  may 
be  denominated  siliceous  iron-stones.  I  shall  therefore, 
in  naming  these  varieties,  use  the  following  terms  as  they 
are  arrar^d  in  succession.  Argillaceous,  calcareous,  and 
siUceous  iron-stones.  None  of  these  earths  exist  singly 
with  the  iron.  All  iron-stones  contain  a  mixture  of  tlie 
three,  in  various  proportions ;  from  wluch  arise  the 
supposed  variety  of  the  qualities  of  crude  iron,  which 
each  respective  stone  is  said  to  contain.  There  are  some, 
however,  which  are  composed  of  nearly  the  same  propor- 
tions of  clay,  time,  and  silex  ;  and  these  commonly  afford, 
when  compared  with  themselves,  a  similar  quality  of  crude 
iron. 

Nature,  in  the  formation  of  these  secondary  ores  of 
iron,  has  invariably  impressed  characters  upon  them,  ea- 
sily to  be  developed:  by  which  means  their  qualities, 
and  the  consequent  effects  produced  in  the  blist-furnace, 
may  be  accurately  and  distinctly  prejudged.  The  source 
of  this  information  is,  the  study  of  tlie  nature  of  the  uni- 
ted earths ;  by  ascertaining  the  quantity  and  propOTtiwi  of 
which,  we  are  enabled  to  pronounce  exactly  upon  the 
quLilitj'  of  the  iron  likely  to  be  obtained  from  the  otc 
We  muitt  not,  however,  coosider  these  charactu'istic  feit- 
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tuies  as  a  consequence  of  the  metal  existing  of  a  variety 
of  qualides ;  but,  apriarij  we  ought  to  consider,  that,  as 
aconsequence  of  the  nature  and  prq>ortions  of  the  mix- 
ture, the  iron  will  be  called  into  existence  in  a  state  ^ore 
or  less  oxygenated  or  carbonated. 

When  iron-stones  are  said  to  contsdn  goodoc  bad  iron, 
die  expressicm  ought  to  be  understood,  which  by  the  bye  is 
sddom  the  case,  only  as  a  comparative  assertion,  confined 
to  local  rules,  and  judged  by  cert^  fixed  local  standards ; 
into  the  account  of  which  many  things  must  be  taken^ 
which  are  fiiequently  overlooked.  At  every  iron-wc»rk,  a 
certain  proportion  6[  fuel,  coaks,  ex  wood  char,  by  weight, 
is  understood  to  be  sufficient  to  smdt,  and  ^ve  principle 
to  a  determinate  weight  and  quality  of  iron-stones  com- 
bined together,  in  order  that  a  certain  quality  of  crude 
iron  may  be  produced.  In  this  case,  should  a  new  iron- 
stone  be  substituted  for  one  whose  quality  and  efiects  are 
already  known,  and  should  its  application  be  productive 
of  iron  less  carbonated  than  fcMinerly,  it  would  instantiy 
be  denominated  a  bad  iron-stone,  or  an  iron-stone  contain- 
ing bad  iron— «n  assertion  only  true  comparatively,  so  far 
as  it  would  affect  the  interest  of  the  manufiicturer,  unless 
corrected  by  an  addition  of  fuel,  a  change  of  the  mixtures 
of  ores,  or  a  varied  application  of  the  lime-stone  used  as  a 
solvent  QC  flux.  But  this  is  no  proof  that  the  quality  of  iron, 
as  it  exists  in  the  ore,  is  bad,  since  a  larger  proportion  of 
coaks,  or  a  change  of  mixturd,  which  incurs  no  addition- 
al expence,  o^i  correct  the  evil.  It  rather  furnishes  a  de- 
monstration that  the  iron  in  all  ores  is  the  same ;  but  that, 
b  calling  it  into  a  metallic  form,  the  quality  is  affected 
chiefly  by  the  reduction  of  those  mixtures  originally  united 
with  it. 

As  tiie  quality  of  tiie  fuel  is  improved  in  a  direct  ratio 
to  the  quantity  of  carbon  which  the  coal  contains,  and  its 
purify  hence  arise  the  great  variety  of  coaks  used  in  smelt* 
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4.  Iron-stones  which  unite  a  targe  proportion  of  saiwj 
with  sparing  proportions  of  clay  and  lime,  which,  upon  be- 
ing slightly  exposed  to  heat,  exhibit  masses  of  semivitrifi* 
cation,  neither  obedient  to  the  magnet,  ncff  adhesive  to  the 
tongue,  having  a  refractor)-  disposition  to  part,  and  pos- 
sessing a  dark-blue  or  black  colour,  always  afford,  with 
die  usual  proportion  of  fuel,  crude  iron  of  the  worst  qua- 
lit}',  either  as  to  strength  or  fusibility.  Such  metal  is 
commonly  highly  oxyginated,  and  brittle ;  incapable  oT 
being  used  alone  for  any  melting  pitfpose  ;  and,  when  ap- 
plied to  the  use  of  the  forge,  affords  malleable  iron,  which 
possesses  the  cold  short  quality. 

These  are  the  four  principal  classes  under  which  I  have 
-arranged  our  iron-stones,  with  regard  to  their  tendency  to 
aHbrd  their  iron  carbonated,  possessing  strength,  or  other- 
wise, when  smelted  in  the  blast-furnace  ^vith  a  determinate 
quantity  of  fuel.  As  this  classification  is  exacdy  analo-  . 
gous  to  the  results  obtained  in  the  large  way,  it  may  serve 
as  a  ground-work  to  those  who  may  wish  to  attain  a  prac- 
tical knowledge  of  these  ores,  so  &r  as  it  relates  to  tbeir 
manufacture. 

It  is  howcvCT  easy  to  counteract  the  natural  tendency 
which  every  iron-stone  has  in  this  case,  to  afford  its  iron  of 
a  certain  quJity,  and  to  make  each  of  them  yield  crude 
iron  of  all  the  different  degrees  of  fusibility  and  strength. 
Is  it  not  obvious,  that  sLice  the  qualities  of  crude  iron  de- 
pend upon  the  mixtures  and  their  kinds  composing  the 
stones,  diat  if  nature  be  assisted  by  adding  or  subtracting* 
from  ihcm  in  the  blast-furnace,  ever)-  quality  of  crude  iron 
may  be  produced  from  the  same  iron-stone  ?  I  have  seen 
most  of  diesc  results  determined  in  the  large  way,  and  the 
whole  of  them  beautifully  confirmed  in  the  assay-fumace. 

It  remains  « ith  the  present  manufacturer  to  consider 
whether  it  will  be  more  his  interest  to  reject  such  iron- 
atones  as  are  of  difficult  carbontttion,  or  to  apply  the  neces- 


mfy  addi^onal  proportions  of  fuel,  capable  of  correcting 
ttie  qu;ility  ofsilicious  iron-stones.  Not  so,  however,  to 
those  who  may  at  some  future  period  succeed  him  ;  ne- 
cessity, at  all  times  ingenious,  assisted  by  the  increasing 
light  wliich  science  daily  sheds  over  our  manufactures, 
will  devise  the  means  of  calling  into  profitable  existence 
the  metal  contained  in  all  those  ores  which  may  have  fal- 
kn  into  disrepute  in  the  present  day,  or  from  which  at  this 
it  is  thought  impracticable  to  extract  metal  in  the 
way. 

The  usual  critcrlons  by  which  iron-stone  is  judged, 
it  be  sufficiently  rich  in  iron  for  the  pur^wse  a£ 
;lting,  are  the  follo\ving  : 
1.  The  degree  of  tenacity  with  which  it  adheres  to  the 
toi^e  after  torrefaction ;  2.  Its  colour :  3.  The  obedi- 
ence to  the  magnet  when  pulverised  :  4.  By  depriving  of 
its  iron  a  given  weight  of  the  ore,  in  contact  with  charcoal 
and  fuitible  earths  in  the  assay-fumace. 

The  first  and  diird  of  dieae  mcdiods  are  liable  to  great 
oror.  The  adhesion  to  die  tongue  will  be  more  in  pro- 
ponion  to  the  quantity  of  its  clay  and  its  kind  contained  in 
the  stone,  than  to  its  real  contents  in  iron.  Iron-stone 
may  also  be  torrefied  in  such  a  manner  as  to  deprive  its 
internal  sur&ce  of  this  propertj' ;  as  it  is  only  peculiar  to 
fbe  stone  at  a  certain  stage  of  torrefaction. 

Those  iron-stones  with  which  Britain  so  muchabounds, 
md  which  are  now  universally  used  for  the  production  of 
cast-iron  with  pit-coal,  are  commonly  found  in  horizontal 
subject  to  the  same  acclivity  and  declivity  with 
other  stratified  substances  under  the  surface ;  their 
ttion  from  Uie  horizon  varying  according  to  the  na- 
ture of  die  ground,  and  the  di^po^tion  of  the  imbedding 
and  incumbent  stnita.  Such  varietj'  is  exhibited,  tliat 
stiata  of  iron-stone  are  found  descending  I  yard  in  24, 1 
in  12, 1  in  8,  aiid  sometimes  X  in  4.  Where  tU:  accU* 
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vitj'OTdecIivityof  the  me^dlsis  sm»II,die  most  extend* 
and  re^ilitr  fiflda  of  iron-stone  arc  to  be  fourid,  and  vke 
versa  where  the  metals  }ay  more  on  edge. 

Iron-stones  are  generally  found  imbedded  in  schistous 
clay  more  or  tesa  comjiact,  but  whicli  moulders  away  when 
exposed  to  air.  They  assume  t\vo  different  forms :  re^- 
lar  connected  stmta  called  Oands,  und  strata  of  detached 
stone  found  in  distinct  masses,  from  the  size  of  the  stnaU- 
est  bullet  to  the  uviglit  of  several  hundred  pounds. 
Those  of  the  sm  Jl  and  middling  sizes,  and  ivhich  gene- 
rally  wear  a  flat  ovular  form,  are  called  baU-stones:  those 
of  greater  weights  are  by  the  workmen  denominated  lunk- 
ers. 

Bodi  these  species  of  iron-stone  frequently  accompany 
co;>,l  md  limestone.  In  the  formir  case  they  are  common- 
ly incumbent,  and  found  almost  in  immediate  contact 
with  the  coal :  little  extra  labour  is  therefOTe  requisite  to 
bring  down  the  stone  ;  and  the  double  purpose  of  obtani- 
ing  Ijolh  materials  is  thus  advantageously  answered. 

When  iron-stone  in  bands  accompanies  limestone,  it 
is  most  commonly  of  an  inferior  quality.  Its  component 
parts  are  chiefly  calaireous,  and  the  quantitj-  of  iron  it  i 
contains  is  small.  Ball  iron-stones  found  near  to  lime  are 
of  a  much  superior  qualitj-,  and  for  the  most  part  contaiu 
a  considerable  proportion  of  iron. 

Thus  stratified  in  the  vicinity  of  lime,  many  iron>stones 
arc  found  with  various  impressions  of  marine  remains ; 
and  not  unfrtquently  compact  and  entire  shells,  univalve 
and  bivalve,  are  found  in  the  heart  of  the  band.  It  is 
howcverstill  more  difficult  to  conceive  how  shells  could 
be  deposited,  distant  from  lime,  imbedded  in  inm-stone, 
incumbent  tm  coal,  at  the  great  deptli  of  80  yards  from  the 
Burfece.  In  our  neighbourhood,  at  this  depth,  a  sm:i!l 
band  of  iron-stone  is  found  completely  covered  and  iirter- 
spersed  with  distinct  muscles  oi  an  wdinary  size. 
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The  Rottenbum  iron-stone  of  Lancasliire»  consists  of  a 
band  and  an  accompanying  ball.  The  ibrmer  abounds 
with  fine  specimens  of  the  ramification  oi*  trees,  slirubs, 
&c  In  the  process  of  decay,  and  the  substitution  of  mi- 
neral in  place  of  vegetable  substance,  the  more  ligneous 
parts  and  the  bark  are  distinctly  preserved  fi'om  the  heart 
«fthe  shoot 

This  iron-stone  contains  S71b.  in  100  extremely  sus- 
cq>tible  of  receiving  the  carbonaceous  principle. 

Another  variety  of  iron-stone,  which  we  have  in  this 
oountiy,  and  which  will  be  deemed  no  less  curious  by 
the  mineralogist,  afibrds  maltha,  bitumen,  mineral  pitch, 
&c.  This  combustible  is  found  in  the  heart  of  large  ilat 
rounded  balls  of  ircm-stcme,  occupying  a  number  of  inter- 
stices, and  resembling  a  cement  for  the  fiittered  pieces  of 
stone.  The  distillation  of  437  grains  aflfcMxled  mc  a  rough 
light  charcoal,  which  weighed  only  49  grains ;  this,  when 
exposed  to  fire  in  contact  with  air,  burnt  without  a  resi- 
due ;  hence  I  conclude  it  to  be  pure  carbonu  This  iron* 
sUxie  in  the  assay-fumace  yields  36  powids  of  iron  in  100. 

All  these  j^ta  of  iron-stcme  bear  the  most  evident 
marks  of  the  agency  of  water. 

fFarking  of  Lron-stone. 

When  iron-stone  is  found  near  the  sur&ce,  it  is  only 
necessary  to  unbare  the  soil  and  the  super-incumbent 
earths:  the  stc»ie  then  presents  itself  like  a  pavement  more 
cr  less  inclined,  and  is  easily  raised  by  the  application  oi 
wedges„  bars,  &c.  8cc.  But  as  all  secondary  strata  de- 
scend, according  to  the  declivi^  imposed  upon  them  by 
nature  in  their  formation,  it  is  obvious  that,  in  proportion 
as  the  excavation  extends  at  right  angles  to  the  line  of 
kvel,  the  stone  becomes  gradually  buried  under  an  accu«- 
mmating  depth  of  earth,  till  such  time  as  the  expence  of 
throwing  this  off  exceeds  either  the  value  of  the  stone,  or 


sa 


the  expence  at  which  it  could  be  procured  by  a  diflerent 
mode  of  operation.  It  therefore  becomes  iiecessjjy  lo 
make  perforations  by  meansof  horizontiilgylleries,  extend- 
ed under  the  soil,  so  as  to  fall  in  with  the  declivity  of  the 
strata :  these  catch  the  inclining  stone  for  a  stretch  rf 
100  to  340  yards,  according  to  the  existent  circumstan- 
ces of  the  mine. 

These  galleries  are  in  Scotland  called  the  barrow  roads. 
Whenever  the  miner  has  arrived  at  the  exiremitj'  of  his 
working,  he  turns  round  and  commences  an  excavation 
on  his  right  and  left  hand,  proportioned  to  the  rise  and  dip 
of  the  stone,  to  the  extent  of  several  yards  on  each ;  the 
accompanying  shist  and  rubbish  are  packed  into  the  va- 
cuity behind  him  :  should  there  remiiin  any  superfluity 
unpacked,  it  is  wheeled  to  the  mouth  of  the  galk-rj-  along 
with  the  iron-stone.  In  this  manner  die  miner  returns, 
and  brings  along  with  him  the  whole  iron-stone  contained 
in  100  to  240  yards  in  length,  and  in  30  to  SO  jards  in 
widtli.  The  height  of  the  gallery  is  eomm{aily  so  small, 
that  the  miner  is  obliged  to  perform  his  work  upon  his 
side:  the  wheelers  are  likewise  obliged  t^  jiush  the  bar- 
row  on  all  fours.  This  species  of  working  is  called  under 
cover ;  and  the  attainment  of  a  band  of  good  iron-stone, 
though  only  four  inches  thick,  will  sufficiently  defiray  the 
expence  of  the  operation.  It  is  here  also  obvbus,  that 
this  operation  can  only  be  carried  a  certain  lengdi  in  the 
sr-me  gallery,  till  such  time  as  the  e.xpence  of  wheeling  out 
the  stone  must  exceed  tlie  value  of  that  share  of  ktbour 
generally  appropriated  to  it.  A  mwe  economical  method 
b  therefore  indiipensibly  requisite.  This  is  effected  by 
sinking  a  pit  160  to  200  yards  farther  on  the  same  line  of 
level.  When  the  iron-stone  is  found,  the  miner  sets  off 
another  gallerj-,  or  barrow  road,  towards  his  former  work- 
ing, and  continues  till  he  meets  tlie  termination  of  his  oid 
Kvatte^.-  as  formerly,  he  now  begins  his  retreat,  and  cairiea 


inAitdma  similar pordon  of  iran-stone  from  each  side  of 
tlie  galleiy.  The  quantity  of  iron-stone  by  weight  obtain- 
ed from  such  a  workings  depends  entircly  upon  its  extent 
and  the  diickness  of  the  band.  A  square  yard  of  iron- 
stone contsdning  9  cubical  feet,  as  it  lays  stratified,  will 
wdgh  from  1850  to  1900  pounds  weight.  The  other 
aide  of  the  pit  b  next  perforated,  and  the  same  operation 
completed.  When  the  iron-stone  is  thus  exhausted,  ano- 
ther pit,  sunk  at  a  similar  distance  from  the  terminatbn 
of  the  second  gallery  in  the  first,  opens  up  a  new  field  oi 
supply.  In  this  manner  iron-stone  is  continued  to  be 
raised,  till  such  time  as  iht  field  va  totally  exhausted. 

These  extensive  excavations  commonly  collect  a  con-< 
nderable  quantity  of  water,  which  would  soon  impede  the 
progress  of  the  workmen :  various  means  have  been  con^ 
trived  to  remove  this  consequent  obstructicxi.  These  have 
chiefly  consisted  in  running  a  counter  gallery  as  far  to  the 
doclivi^  of  the  metaU  as  possible,  and  of  passing  the  wa- 
ter into  it  by  means  of  filtration,  or  commumcations  be- 
twixt gallery  and  gallery.  Where  a  sufficient  quantity . 
of  running  water  presents  itself,  water-wheels  have  been 
qyfdied,  to  extract  the  water  fix>m  cxie  general  reservoir 
by  means  of  pumps. 

Strata  of  iron-stone  are  fh>m  1-2  an  inch  to  12  inches  in 
diickness.  Those  of  3,  4,  5  and  6  inches  are  most  com- 
monly met  with ;  diey  are  also  reckoned  to  contain  a 
quantity  and  quality  of  iron  supericn*  to  larger  bands. 
Ball  and  lunker  iron-stone,  however  large,  contain  always 
asuperior  quantity  of  iron,  and  are  ^ler  reduced  in  the 
Uast-fumace.     (Ji^shet.} 

On  Iron  Ores  particularttfy 

1st.  As  to  the  state  of  the  iron  as  it  is  contained  in  the 
ere. 
9dly.  As  to  the  quantity i)f  the  inxicontakied  in  theorem 
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3dly.  As  to  the  tinds  and  proportions  of  eaiths, 
whicl\  die  iron  ore  is  mixed. 

As  to  the  state  of  the  iron  as  it  is  contained  in  tlie  ore  . 

Iron  ores  contain  the  iron  either  combined  with  suU 
phiir ;  or  \vith  sulphur  and  arsenic ;  or  mixed  witli  copper 
ore :  or  with  manganese  :  or  in  the  state  of  an  ochrt  or 
oxyde  :  or  in  the  state  of"  what  the  chemists  call  an  oxy- 
dale,  frequently  magnetic  and  more  approaching  to  the 
metallic  state  :  or  combined  widi  acids,  and  forming  sa. 
hne  substances,  such  as  green  vitriol,  8tc. 

Tlie  sulphuretted  ores,  are  usually  called  Pyrites ;  they 
an.'  often  of  a  metallic  gold  colour,  hard,  and  brittle,  giv- 
ing  fire  with  steel.  These  are  seldom  worked,  unless  to 
collect  the  sulphur,  or  to  make  gnren  vitriol.  But  stve- 
ral  ores  worth  working,  contain  also  sulphur,  or  arsenic, 
or  both.  This  can  be  ascertained  by  reducing  them  to 
powder, and  expowng  them  to  a  chcrr^-red  heat,  when 
tlx-  smell  will  generally  detect  both  the  sulphur  and  the 
arsenic.   The  fumes  of  the  latter  iilso,  v\ill  m  hiicn  copper. 

Ores  much  mixed  with  copper,  can  seldom  be  worked 
widi  profit  in  a  furnace.  The  mixed  metal  is  brittle  and 
bad.  Some  ores  at  Cornwall  furnace,  (Mr.  Coieman's) 
ai-e  of  this  kind,  and  are  not  worked. 

Ores  are  very  often  mixed  with  a  notable  proportion  of 
manganese,  as  I  have  seen  them  at  the  Dunhiim  works, 
that  formerly  belonged  to  Jos.  Galloway.  This  mixture 
is  a  detriment,  though  of  late  it  has  been  proposed  to  pve 
the  properties  of  steel  to  iron  by  means  of  manganese,  in  a 
large  way.  These  ores  are  blackish,  and  give  a  full  greoi 
slag  with  common  white  gUiss  and  potash  as  a  fiux. 
Nickel,  Crome,  and  Phosphorus  are  also  frequently  com- 
bined with  iron,  but  it  requires  much  chemical  skill  to 
.separate  them  accurately.  In  a  large  \vay,  they  must  be 
separated  in  the  bloomery  and  by  the  hammtr. 

The  oxj^des  of  ircHi,  and  the  iron  combined  with  carbo> 
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oic  aeUI,  are  umially  worked  to  profit,  as  m  the  common 
momitain  iron-stone,  and  the  bog-ores. 

The  salts  of  iron  (unkas  the  carbonat  of  iron  be  so  call- 
ed) '<£re  never  amdCed  for  die  pmpose  of  obtaining  metal. 

Whether  an  ore  be  magnetic  or  not,  is  no  criterion  whe- 
Aer  It  be  worth  working  or  not  This  quality  has  influ- 
ence only  on  the  quantity  of  carbonaceous  matter  necessa- 
ry to  mjetallisse  the  iron. 

As  to  the  fttantUy  of  iron  contained  in  an  ore.  Whe- 
ther it  be  wrath  working  or  no,  depends  less  upcm  this 
criterion,  than  upon  the  ciroumstances,  whether  it  can  be 
easily  gotten,  and  easily  and  cheaply  fixed.  The  shining 
sulphureous  pjrites  often  contains  more  than  fifty  per  cent 
ef  metal,  and  is  not  worth  working  :  the  poor  oie  of  Staf- 
fcrdshire,  in  England,  that  does  not  y idd  more  than  fix)m 
16  to  30  per  cent,  is  a  i»x)fitable  concern,  because  it  is  ea- 
st}- reduced  to  a  metalline  state,  and  when  so  reduced  b 
of  good  quality. 

As  to  the  kinds  and  proportions  of  earths  with  which 
the  stone  is  mixed.     Let  it  be  remembered,  that. 

The  eardi  that  gives  the  character  to  conutum  clay,  and 
to  clay  stcHies  is  called  or^'/l&irtfoi/f  earth.  The  earth  that 
^ves  the  character  to  limestone,  is  called  calcareous  earA. 
The  eardi  that  ^ves  the  chantcter^  to  quartz,  flint,  whether 
transparent  or  opaque,  to  flinty  sandstone  and  stones  of 
that  hard  nature,  which  scratch  glass,  and  give  fire  with 
steel,  is  called  ^'r^tt^  earth.  The  earth  that  gives  the 
character  to  soapstone,  and  stones  of  that  class,  that  appear 
soft  and  greasy  to  the  touch,  b  called  magnesian  earth, 
bon-stones  contain  the  latter  in  so  small  proportion  for 
die  most  part,  that  its  efiects  need  not  be  noticed:  but  the 
rest  are  of  great  importance  to  be  known ;  for  whether 
any  limestone  ought  to  be  added  as  a  flux,  or  in  what  pro- 
portion, depends  on  the  kind  and  quantity  of  Ae  earthy 
that  envelopes  the  particles  of  iroik 
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Before  I  class  iron  wes  in  this  respect,  I  would  observe, 
tliat  it  is  necessary  to  bring  tlie  iron  into  a  metitlline  state 
which  is  done  by  charcoal  iind  heat.  Also,  tliat  when 
brought  into  a  metalline  state,  it  will  not  fall  down  and 
■(inite  in  one  mass,  but  be  enveloped  in  separate  particles  ' 
among  tlic  coals,  unless  the  coals  and  the  eartlis  of  the 
stone,  are  brought  into  fusion,  and  made  into  a  glass  so 
thin  that  the  particles  of  metal  by  their  superior  weight, 
will  fell  through  them.  This  is  done  by  knowmg  in 
what  way  the  Ciirths  can  be  so  mixed,  as  to  be  brought 
into  thin  fusion,  by  the  usual  fire  of  a  furnace. 

On  the  Jinxes  of  Iron  ores. 

The  principles  on  which  all  earthy  fluxes  depend,  is* 
tliat  no  earth  is  fusible  alone — tliiit  ai^illaceous  and  sili- 
ceous earths  together  are  infusible — tliat  argillaceous  and 
magncsian  eartlis  together  iire  infusible — tliat  sllicious 
earths  and  magnesian  earths  togedier  are  infusible — but 
that  when  lime  or  limestone  (calcareous  earth)  is  added 
to  an)-  mixture  of  the  other  two,  they  will  run  into  a  glLisS) 
whicli  will  be  thin  and  fluid  with  the  same  application  of 
heat,  in  proportion  to  the  judicious  mixture  of  tiie  several 
earths-  M.  D'Arcet,  a  French  chemist,  made  thisexperi- 
ment :  He  put  into  one  crucible  a  round  marble  of  clay, 
into  another  a  ball  of  the  same  size  of  quartzose  or  siUi-i- 
ous  sandstone,  into  anothtr,  a  bLiU  of  the  same  size  of 
chalk ;  and  exposed  them  to  a  violent  heat  in  the  same 
furnace  for  die  same  length  of  time.  They  were  all  un- 
chia^;ed,  except  ^vhere  die  chalk  ball  had  touched  the  cru- 
cible ;  in  that  place,  there  was  tlie  appearance  of  fusion. 
He  put  ail  tliree  balls  together,  first  reducing  them  to 
powder  and  mixing  them.  In  a  short  time  the  same  fur- 
nace melted  tliem  into  a  trimsp;trent  glass. 

Moreover  the  expa'imcnts  of  Mr.  Kinvaii  have  ascer^ 
tained 
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'1!1rat  jo^llaceous  andsiliccousearths — argBlaceousand 
magncsUa  earths — siliceous  and  m^igiic^lan  earths,  would 
not  melt  in  whatever  proportions  they  were  mixed. 
That  siliceous  and  calcareous  earths — argillaceous  and 
Calcareous  earths,  by  very  strong  heat  might  be  vitrified, 
but  not  into  a  perfect  and  thin  glass. 

That  when  the  earths  are  calcareous,  arpllaceous  and 
Tiiagnesian,  it  requires  that  the  Lime  should  be  in  a  double 
portion  to  make  a  glass. 

That  no  glass  can  be  produced  if  the  clay -earth  or  the 
magnesian  eunh  predominate. 

That  calcareous  earth,  argiUaceous  earth,  and  siliceous 
earth— or,  calcareous  cartli,  mi^iesion  earth,  and  siliceous 
earth — can  be  brought  into  perfect  fusion  if  the  calcareous 
earth  somewhat  predominate.  And  that  by  means  gf  a 
strong  beat,  a  perfect  glass  may  be  produced  by  siliceous, 
irgillaceous  and  magnesian  euiha  alone,  without  lime ; 
and  that  this  is  the  only  combination  he  tritxl,  in  M'hicS 
limestone  earth  was  not  absolutely  necessarj-  in  the  mix- 
ture, to  make  glass. 

He  further  ascerUiined,  that  all  the  metallic  osyds,  .and 
of  course  that  of  iron,  assisted  in  producing  fusion  :  also, 
that  common  clay  contiiins  one  half  or  more  of  its  weight 
Usually  of  sand,  intimately  mixed. 

Ho^  limestone  earth,  or  calcareous  euth,  may  be  re- 
garded as  the  sub-stancc  most  fit  in  an  economical  point 
of  view  to  bring  other  cirlhs  into  thin  fusion ;  for  whicli 
purpose  it  should  be  in  the  proportion  of  1  1-2  or  nearly 
2  to  1  of  riiat  earth  which  predominates  m  the  iron-stone. 

Hence,  ifclay  pn;domiii;tte  in  the  iron-stone,  (or  earth 
of  which  pure  clay  is  the  basis)  the  flux  is  limestone :  and 
on  die  contrary  if  the  iron  be  mixed  with  limestone,  the 
proper  Bux  is  not  limestone,  but  clay. 

Also,  that  herein  consists  much  of  the  practical  know- 
ledge of  assorting  ores,  namely  to  mix  together  such  ores. 
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as  may  contribute  to  flux  each  otbd-,  bebg  with  diiEcuItf 
fluxed  alcHie. 

Ht-nco  also,  appears  the  necessity  of  this  knowledge,  ig 
order  to  save  coals,  to  sa\"e  time,  and  to  prevent  the  iron 
from  being  entangled  ami  enveloped  iu  a  thick  unyield- 
ing refractorj'  slag,  or  scoria. 

Hence  also,  the  necessitj-  of  begiiining  j-onr  operations^ 
b\-  trjing  what  earth,  Jind  in  what  proportioiis  your 
contains :  that  is,  to  analj'se  your  ch^. 

Of  course,  my  nest  section  will  treat  of 

The  Analym  of  Iron  ores.  Chtnusts  usually 
tliat  tlie  constituent  parts  of  an  ore,  cannot  be  accurately 
known  unless  by  analysing  it  in  the  moist  way  ;  that  ia, 
by  solution  in  acids  or  iilkalies,  and  by  precipitating  the 
substances  dissolved,  by  means  of  what  arc  called  re- 
agents. I  am  of  this  opinion  too.  But  such  an  accu* 
rate  analysis  is  not  practically  necessarj-,  nor  is  it  practi- 
cally true;  for  in  the  course  of  operations  of  a  large  manu- 
fecture,  it  is  not  to  be  expected  that  the  iron  yielded  by  a 
thousand  ton  of  ore,  will  correspond  with  the  result  ctf 
the  analysis  of  an  ounce. 

The  best  mode  in  my  opinion  is  to  proceed  in  the 
small  Avay,  pretty  nearly  upon  the  same  plan  that  jou" 
proceed  in  the  large  wa)-. 

The  two  objects  then  are,  first,  to  find  out  what  p^or- 
tion  of  flux  your  ore  will  require,  and  of  what  kind,  so  as 
to  l)e  fused  most  compleally  at  the  slightest  txpence.  2dly. 
Find  out  1k)w  much  iron  you  can  procure  by  means  of 
fire  and  fluxes,  out  of  a  given  weight  ol  ore. 

If  you  have  not  tlie  means  of  a  good  wind  fumac^^ 
you  must  go  to  a  blacksmith's  shop  for  the  purpose. 
But  ever}-  es-tabUshmtnt  of  iron  works,  ought  to  have  an 
assay  furnace,  of  which  the  surface,  should  be  3  feet  from 
the  ground :  the  furnace  liok  20  inches,  deep,  14  iiicbee 
wide  at  the  bottom,  12  indies  wide  at  the  top :  the  cmci- 
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WCistand,  shwild  be  0  inches  high  from  the  centre  of  the 
gnite,  wlicrem  tliere  should  be  an  even  platfonn  oC  4  inch- 
es diameter  io  receive  it  and  enable  it  to  statul  steady. 
At  6  inches  from  the  top  of  tlie  fiimace  there  should  be 
■n  horizontal  side  flue  of  6  inches  by  6  inches,  and  9  inches 
loni»,  with  one  end  opening  into  the  furnace,  and  tlie  otlier 
intothe  upright  chimney.  Thechimnej- sdwuldbcG  inches 
by  9  inches  or  thcrciibout,  and  not  less  than  20  feet  Iiigh. 
The  cover  should  be  of  fire  clay  mixed  with  burnt  brick, 
well  beaten,  and  burnt,  and  enclosed  in  a  wrought  iroi) 
witli  a  liandle  to  lift  it  on  and  ofl"  by.  This  co^'er 
;ld  fit  accurately  to  the  surface  of  tlie  furnace,  and  be 

least  14  inches  square.     With  siicli  a  ftimace,  heat 
enough  may  be  gi\eii  for  most  exiK-rimci its,  cj^iecially  if 
about  1-2  of  the  coak  of  pitcoal  be  mixed  witli  the  cliar- 
neidier  of  these  ought  to  be  \ised  in  lumps  bigger 

in  a  small  egg.  The  inside  of  the  furnace  ougiit  to  be 
with  refrnctOT}-  or  infusible  fire  clay  over  fire  brick  ; 
«•  else  with  a  mortar  of  pounded  clay  mixed  widi  pound- 
td  soap  stone.  Mushet's  assay  fiu-nace  nith  a  pjTonie-  > 
ter  measuring  the  degrees  of  heat,  is  to  be  fouitd  in  4 
Philos,  Mag.  255.  but  I  like  my  own  as  well.  Tlie  po^v- 
erful  three-blast  assay  furnace  of  Uic  French  school  of 
mines,  is  delineated  in  14  Philos.  Mag.  69.  It  is  work- 
ed by  3  equidistant  tweers.  It  should  be  remembered  that 
boA  in  Eng^d  and  France,  the  men  of  science  in  their 
hboratory,  and  the  men  of  experience  in  die  iron  manu- 
[acture,  have  gradually  encreased  the  admission  of  air  into 
Ihdr  (umaces,  and  divided  the  quantity  between  two 
twecrs. 

The  first  j»ocess  I  would  advise  should  be  to  ascer- 
tain ^vhether  there  be  any  limestone  in  your  ore,  and 
how  much.     For  which  purpose 

T.ike  400  grains  of  dte  ore  in  fine  powder,  from  among- 
lh<^  pmvdcr  of  at  least  lutlf  a  dozen  iiur  specimens  of  the  minCi 
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Pouron  it  in  a  g'la.ss  tumbler  half  an  ounce  by  measure  (by 
means  of  the  common  gTtiduMcd  measuring  glasses  iistd  by 
apothecaries  and  chtmists)  of  common  bpirit  of  salt,  to 
which  add  twice  as  nmch  water.  Expose  it  to  a  heal 
ne-jly  boiling  for  kJf  an hoiy.  If  iht-re  be  no  efftrvtscence, 
there  ispnjbubly  no  limestone.  Iftliere  be,  continue  to  :.dd 
by  small  di;^ctb,  spirit  of  salt  and  water,  till  all  efilrve- 
scence  is  l.jirl\  o\'Lr.  Let  it  stand  3  or  4  hours.  Then  add 
htiif  a  pint  of  water,  stir  it  well.andfiltertlie  whole  tlirough 
(unsized)  filtering  paper.  W;.sh  what  remains  on  the  fil- 
ter, with  hall'  a  pint  more  of  water,  and  add  the  filtered 
liquors  together.  This  will  dissolve  all  the  limestone 
earth,  and  jwrhapssome  of  the  ore»and  a  sniall  portion  of 
the  argillactttus  earth,  but  these  last  are  of  no  consequence* 

Tlien  add  to  the  filtered  solutions,  two  drsms  by  mea- 
sure of  oil  of  vitriol,  which  will  throw  down  the  limestone 
earth  in  a  thick  sediment  in  the  form  of  gj'psum  or  sulphat 
of  lime.  Let  it  rest,  and  add  a  few  drops  more  of  the 
oil  of  vitriol,  until  no  fireah  sediment  any  longer  appears. 
Pour  off  the  supernatant  clear  liquor ;  add  half  a  pint  of 
hot  water,  and  filter :  wash  the  filter  ^vith  two  more  half 
pints  of  hot  water,  until  the  liquor  that  passes  through,  is 
no  longer  sensibly  acid.  Let  the  filter  remain  to  drain  fw 
24  hours.  Scrape  off  all  the  sediment,  put  it  in  a  cup  or 
a  saucer  to  dry  for  at  least  six  hours  on  a  common  iron 
stove,  or  lao**  of  Fahr.  let  it  so  remain  till  dry  and  pow- 
dcry  to  the  touch;  when  150  grains  willdesignate  lOOgraJna 
of  limestone.  Or  else  (\i  hich  is  more  accurate)  expose  it  ' 
for  half  an  hour  in  a  crucible  to  a  red  heat,  \vhen  135 
grains  will  designate  ICX)  grains  of  limestone. 

The  Umestone  may  be  generally,  ascertained  also,  by 
means  of  the  air  it  contains,  but  it  requires  some  little 
knowledge  of  pneumatic  chemistry.  Thus,  weigh  a  ccan. 
mon  pint  decanter,  that  w  ill  hold  a  full  pint.  Balance  it 
in  the  scales.  Put  into  it,  Ub.  avordupois  weight  of  water^ 
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lit  die  temperature  of  60  of  Fahrenheit's  thermometer. 
Now  as  44  grains  of  chalk  will  yield  air,  equal  to  iliat 
bulk  of  water,  one  pint  of  air  will  designate  44  grains  of 
pure  limestone.  This  can  be  done  by  fixing  a  tube  of 
tin,  or  copper,  or  glass,  bent  like  the  letter  S  into  a  cork. 
Insert  the  cork  in  the  bottle  or  vial  which  contains  your 
mixture  of  spirit  of  salt  and  water  with  the  cffe  to  be  tried. 
Invert  the  pint  decanter  full  of  water  n  water,  and  let  th« 
air  displace  the  water  of  the  hiverted  decanter. 

Having  thus  ascertained  the  quantity  of  limestone  if 
any,  you  will  have  a  guide  how  much  to  add,  when  you 
know  the  proportion  already  contained  in  the  ore.  If  the 
one  be,  as  it  often  is,  an  argillaceous  ore,  which  can  be 
told  by  putting  your  tongue  to  it,  which  will  adhere ; 
or  by  the  earthy  smell  perceived  on  breathing  on  it,  it  will 
require  more  limestone  in  proportion  to  the  clay.  Calca- 
reous (xies  and  siliceous  ores,  do  not  emit  an  earthy  smell 
or  adhere  sensibly  to  the  tongue. 

If  your  ore  be  a  calcareous  ore,  that  is,  inveloped  in 
limestone,  it  would  be  ^  absurd  to  use  a  limestone  flux  : 
your  flux  should  be  half  its  weight  of  clay.  If  it  be  a  sili- 
ceous  ore  it  will  require  both  limestone  and  ckiy.  Nor  is 
h  the  quantity  of  iron  alone,  that*  depends  upon  the  due 
mixture  of  the  earths  which  are  to  form  the  flux  :  the 
fua£iy  and  appearance  of  the  iron  produced,  equally  de- 
pend  upon  the  same  circumstance :  and  it  may  be  saiely 
taken  for  granted^  that  when  an  ore  is  well  deprived  by 
roasting  of  its  sulphur  or  its  arsenic,  if  there  be  any,  and 
when  the  due  propordons  of  coal  for  heating  and  metal- 
lizing, and  of  earths  as  a  flux  are  known  by  well  ascer- 
taimng  the  component  parts  of  the  ore,  every  ore  may  be 
made  to  furnish  the  same  kind  of  iron. 

Directions  for  assaying  ores  in  the  small  way,  by  tho 
same  process  that  is  employed  in  the  large  way,  are  given 
la  the  fdlowing  papers  of  a  practical  and  experienced  iron 
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master,  which  ai'e  better  dian  any  tUng  of  tfie  kind  I  have 
seen  dsewhere,  though  intermixed  with  some  specula* 
tion. 

On  the  Assaying  of  Iron  Ores  and  Iron  Stones  6jf 
JFusion.  By  Mr.  David  Mushet,  of  the  Clyde  Irom^ 
fTorks.  4  Phil.  Mag.  178, 

In  our  manu&ctories,  the  just  combination  of  art  widi 
science  is  what  we  can  seldom  boast ;  inauthors,  the  same 
happy  union  of  theory  and  practice  is  also  markedly  defi-> 
cient ;  and  we  have  constantly  to  regret,  that  the  want  of 
liberality  in  the  individuals  of  the  one  class,  and  Opportu- 
luty  in  that  of  the  other,  prevent  us  fix>m  feeling  the  happ^f^ 
effects  of  this  so  much  desired  union. 

The  process  of  depriving  ores  of  their  metal  by  fu^on 
in  the  assay-furnace,  and  that  part  particularly  relating  to 
iron,  which  I  mean  to  make  die  principal  subject  of  thift 
paper,  lead  me  moirt  immediately  to  make  these  observa-f 
tions.  With  the  manufacturer,  in  general,  the  uses  and 
propriety  of  the  assay-furnace  are  seklom  admitted,  oTi 
at  best  are  restricted  to  such  narrow  Uimts  as  to  be  only 
capable  of  ascertsuning  the  quantity  of  iron  contained  in 
ore  or  iron-stone.  The  chemist,  <m  the  other  hand  intent 
only  upon  effecting  his  operation,  and  of  giving  accuracy 
to  the  result,  confines  his  observations  to  a  certain  chain 
of  science,  and  seldom  of  never  coniuders  manu&ctures 
as  the  ultimate  and  happy  end  towaids  which  tus  labours 
should  be  directed. 

With  whatever  deference  and  respect  we  look  up  to  the 
names  c^  men  celebrated  for  their  indefatigable  zeal  and 
industry  in  the  cause  of  science,  and  with  whatever  satis^ 
faction  we  rest  upon  the  result  of  their  labours  as  to  truth  4^ 
yet,  in  general,  the  practical  man  feels  dissatisfied  widi  the 
manner  in  which  those  subjects  are  treated  which  come 
mere  immediate  under  his  own  observfttioiu 


It  is  1  fear  ivith  some  truth  that  this  charge  is  brought 
against  thiit  jiart  of  die  arts  relative  to  the  assaying  of  iron 
orcj*.  We  ne\cr  fiiid,  in  the  works  of  those  whose  atten- 
tion has  been  directed  to  this  subject,  that  die  least  con- 
nected idea  ever  exists  betuixt  the  assay  and  tlie  blast- 
furnace, or  that  the  agents  used  for  reduction  in  the  !abo- 
fatoT)-,  cun  in  general  be  applied  to  w(»ks  in  die  large  way. 
A.  total  silence  prevails  amongst  authors  of  thisclass,  as  to 
the  various  qualities  of  crude  iiYin  which  certain  ores  and 
oatain  combinations  of  fluxes  produce :  all  ores,  however 
Wtoua,  are  reduced  to  the  same  complex  treatment,  and 
the  operation  itself  measured  by  minutes,  as  if  the  fusi- 
bility of  all  the  widely  difierendy -combined  ores  was  the 

The  cdebrated  Bergman  even,  has  a  degree  of  com- 
plexit}-  in  has  receipts  for  the  assaj-mg  of  iron  ores,  that 
seems  unn'orthy  of  the  simple  elements  of  science.  The 
ftdlowingone  in  p;irticular  seems  to  possess  an  air  of  ui- 
oongruity  even  in  the  proportions,  only  equalled  by  the 
oddity  of  the  assemblage  of  mixtures  braught  forward  : 

"  100  Gr^uns  of  the  roasted  ore,  two  parts  of  the  black. 
^  flus,  (equal  parts  of  borax  and  nitre,)  one  part  of  tartar, 
"  one  of  sal-ammoniac,  one  of  simdevcr,  half  of  (again) 
'*  borax,  half  of  giaas,  one- fourth  oi  clean  soot,  one-fourth 
"  of  charcoal ;  tlie  whole  to  be  covered  with  common  salt." 
This  mody  association  of  eanhs,  alkalies,  and  salts,  is 
itcommended  as  the  best  flux  for  all  iron  ores.  The 
author  however  shews,  that  the  advantages  w  hich  it  pos- 
sesses iire  not  complete,  from  the  great  cauticwi  prescribed 
in  the  mode  of  con^'eying  the  necessary  degree  of  heat ; 
and  the  perfection  d"  the  operation  is  rendered  altogether 
doubtful  by  the  consequences  which  the  oversight  of  a 
few  minutes  may  occasion. 

It  cannot  be  well  reconciled  to  our  ideas  of  advance- 
ment in  any  art,  diat  we  havu  not  yet  discovered  a  method 
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of  operation  tnore  perfect  than  ihat,  wherein  a  few  minutOI 
lost  or  gaintd  (whicli  error  will  more  likely  take  place 
from  the  ine(iuiJily  of  hL-at,  th.in  tlie  reckoning  of  time,) 
tn^e  a  variation  from  truth eqiiul  to  l-5thor  l-6thof  the 
whole.  The  manufkcturtr  would  be  in  a  Lmentable  pre- 
diciimcnt  were  he  thus  circumstanced,  and  obliged,  by 
some  means  or  other,  to  take  the  crude  iron  IVom  the  blust- 
fiirniice  immediately  upon  being  sepamted  from  the  ores, 
lest  a  considerable  portion  of  it  should  totally  disappear. 
If  the  degree  of  heat  produced  from  a  smith's  forge  was 
at  all  times  the  s:imc,  though  su])plicd  uith  fuel  of  various 
■atures,  and  uiuUt  different  changes  of  temperature,  then 
It  is  most  probable  that,  b}-  reckoning  Bergman's  time  to 
a  minute,  a  button  of  iron,  accurate  in  its  results,  might 
be  obtained  irom  some  ores  by  the  flux  he  has  tUrected  to 
be  used.  But  1  cannot  conceive  that  this  should  be  an 
univtrs»al  consequence  :  far  less  can  I  comprehend,  after 
a  just  separation  has  been  effected,  that  five  minutes  \vUl 
destroy  1-IOihof  the  produceof  metal,  whiledte  incum- 
batt  fluid  protects  the  surface  of  the  metallic  button  fi?om 
ihi-  i.ction  of  the  atmosphere. 

It  is  not,  however,  my  province  to  enter  into  a  minute" 
examination  of  the  products  obtained  trom  the  use  of  such 
vitreous  fluxes,  which  are  always  productive  of  the  most 
oxjgenated  state  of  crude  iron ;  and  the  accuracy  o(  whose 
results,  under  a  state  of  sucii  high  oxjgenation,  are  al- 
ways to  be  suspected.  I  have  frequently  proved  that,  in. 
using  them,  tlie  affinitj'  of  Uie  metal  was  so  great  to  oxy- 
gen,  that  a  slight  derangement  of  the  crucible,  «liich  h;id 
thrown  lite  vitrified  fluid  irom  any  point  of  the  surface,  was 
immediately  attended  b)  a  rapid  deflagration,  and  a  consi- 
derable portion  of  the  iron  oxyiluted. 

1  shall  chiefly  confine  myself  to  a  communication  of 
those  facts,  which  1  have  repeatedly  confirmed,  with  a 
view  of  extending  my  results  and  observatioos  to  a  more' 
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^^3i^Svc  scale.  I  have  constantly  considered  the  assay- 
fiiniaccas  capable  of  affording  coixlusions  apjJicable  to 
die  operations  of  the  smelting-fumace,  and  that  change 
or  innovation  should  always  have  the  conciuriiig  testimo- 
ny of  truth  to  back  ihera,  though,  on  a  small  scale,  be- 
fore tliey  be  risqued  on  one  more  momentous  or  extensive. 
Infiuenced  by  such  motives,  I  early  rejected,  as  totally 
inapplicable  to  the  scale  of  manufacture,  the  numerous 
tribe  of  salts,  alkalies,  and  earths  :  these,  in  the  applica- 
tioi,  are  subject  to  no  rule,  nor  guided  by  any  immediate 
object  of  general  utility,  but  are  as  arbilrarj-  as  their  au- 
thors are  numerous.  On  the  contm^',  I  have  directed 
my  endeavours  to  tlie  use  of  such  agents  as  effect  separa- 
tiim  upon  the  lai^  scale,  and  have  been  fortunate  to  find 
that  the  same  solvents,  when  properly  applied,  are  produc- 
tive  of  the  most  perfect  and  finislied  results.  By  the  sim- 
^^■appUcation  of  lime  or  chalk,  in  various  proporticms, 
^^n  calcareous  carUi,  and  common  botde  glass,  in  the 
^^fece  of  silex,  to  constitute  fusibilit)',  I  have  been  able  to 
produce  in  the  assay -furnace,  all  the  various  qualities  of 
tmde  iron,  as  to  stiength  and  fusibilitj'.  In  no  case  has 
the  rtsult  of  any  assay  been  considered  perfect,  unless  the 
vitrid  mass  found  upon  the  surface  of  the  metallic  button 
exhibited  a  degree  of  transparency  and  pur  ity  of  colour  little 
interior  to  flint  glass,  or  slighdy  darkened  by  a  faint  sliade 
of  azure.  In  such  vitrifications,  purity  of  colour  Is  the 
sutt!st  proof  of  the  non-existence  of  iron  in  the  sUite  of  a 
fused  oxyde :  the  same  degree  of  pelluciditj'  renders  h  easy 
10  detect  the  smallest  globule  of  metal  which  by  chance 
may  have  been  suspended  during  fusion.  In  all  experi- 
mcnts  iiherc  a  just  association  of  mixtures  has  been  pre- 
Kilt  to  produce  this  peculiar  scoria,  the  qualitj-  of  the  iron 
winbefouiu!  richly  carbonated,  and  die  button  possessing 
ismooth,  silver) ,  greasy-fLel  surface.  On  die  odier  hand, 
ccpericncc  has  repeatedly  shei\  n,  that  when  the  scoria  ob- 
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fained  in  assayif^  approached  not  to  the  colour  and  Jiuftty 
of  fine  glass,  there  remained  a  portion  of  the  iron  still  un- 
revived,  in  the  state  of  a  fused  ozyde,  conveying  colour 
and  opacity  to  the  mass;  that  at  certain  degrees  of  co- 
lour, certain  degrees  (rf  opacity  existed,  and  proportionate 
quantities  of  the  metal  remained  diffused  in  the  scoria. 
When  the  xx)lour  of  this  was  green,  the  quantity  of  metd 
united  was  small ;  but  as  the  giwn  deepened,  and  be- 
came associated  with  light  browns,  the  quantity  of  unre- 
vived  iron  was  greater,  and  became  much  increased  as  the 
scoria  assumed  darker  browns,  or  became  totally  black  r 
in  such  instances  I  have  found  it  contain,  upon  being  re- 
assayed,  12  per  cent.  The  assaying  of  iron  ores  is  sus- 
ceptible of  another  extreme,  by  which  experiment  is 
equally  clogged,  and  wherein  it  b  very  difficult  to  obtain 
an  accurate  result.  In  this  case  no  perfect  button  of  me- 
tal is  foimd,  but  the  jxntionof  iron  vAach  the  ore  contained 
is  in  a  vast  variety  of  various  sized  globules  of  the  richest 
crude  iron,  interspersed  in,  or  covering  tlie  surface  of  a 
scriii-vitrified  opaque  mass  of  scoria,  of  a  greyish-blue, 
motded,  or  whitish  colour.  The  causes  of  which,  and 
their  strict  analogy  to  similar  results  in  the  blast-furnace^ 
shall  be  my  chief  object  to  explain. 

In  a  former  paper  I  mentioned,  that  if  iron-stones  were 
smelted  without  the  addition  of  any  other  substance,  the 
product  in  iron  would  be  proportioned  to  the  quantit}'  rf 
lime  contained  in  the  respective  classes.  We  shall  see 
firom  the  following  experiments  how  far  this  is  confirmed 
by  means  of  the  assay-furnace,  and  furnish  to  ourselves 
^^^-  one  important  lesson,  how  far  the  various  mixtures  of' 

ores  afiect  the  operation  of  smelting  ? 

1st,  Into  a  crucible,  with  a  well-fitted  cover,  I  intro- 
duced 875  grains  of  a  pulverised  siliceous  inm-stone  in  its 
raw  state,  and  applied  such  degi^ee  of  heat  as  is  usually 
given  in  such  operations.    In  t^velve  minutes  I  found 
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that  the  iron-stone  was  in  perfect  fusion,  much  agitated, 
and  emitting  large  bubbles  of  ignited  gas  of  a  fiery  colour. 
In  forty  minutes  tlio  crucible  was  withdniwn ;  the  surlace 
of  the  vitrified  fluid  still  continued  to  boil,  and  emit  bub- 
bles of  air,  though  in  much  less  quantity.  In  tliis  state 
I  introduced  a  small  rod  through  the  scoria,  and  disco- 
Ycrd  the  surface  of  a  button  of  metal.  The  moment  it 
came  into  contact  with  atmospheric  air,  a  beautiful  com- 
bustion took  place ;  the  metal  rose  in  a  spiral  form  to  sup- 
ply  die  rapid  inflammation,  and  continued  till  the  sco- 
ria  (still  in  fusion)  closed  over  the  surface  of  the  button. 
When  o^d,  I  found  a  perfect  formed  button  of  extreme- 
Ijr  oxygenated  crude  iron,  which  weighed  219  grains ;  a 
produce  equal  to  25-1  per  cent,  firom  the  raw  iroa-btone. 
The  scoria  obtained  was  of  a  shining  biack  colour,  him 
and  ponderous,  and  weighed  402  grains ;  so  that  the  loss 
IQ  voIatUe  matter  was  254  grams,  ojual  to  29  per  cent. 

Aldiough  this  iron-stone  was  siliceous,  yet  I  am  con- 
vinced the  loss  of  volatile  mutter  would  have  been  greater, 
had  not  nearly  one-half  of  tlie  whole  contents  of  iron  re- 
mained in  the  scoria,  united  mth  oxygen,  at  the  rate  of 
is  per  cent.  I  found  the  produce  of  die  metallic  button 
thus  obtained  white  as  silver,  and  presenting  impericct 
radii ;  the  surface  was  considerably  oxydated,  especially 
wheie  the  combustion  had  taken  efiect. 

2d,  I  subjected  to  a  similar  treatment  875  grains  of  an 
argillaceous  iron-stone,  which  contained  a  usual  propcx*- 
tion  of  lime ;  the  fusion  of  diis  powder  was  more  difficult 
than  that  of  the  former,  though  the  jdienomena  exhibited 
by  both  during  reduction  were  alike.  The  crucible 
was  withdrawn  from  the  furnace  in  forty  minutes  after  in- 
troducdon,  and  the  surface  of  the  button  exposed  to  com- 
bustion as  before*  The  deflagration  di&red  little  in  point 
of  aj^pearance  fi-om  that  effected  widi  tlie  siliceous  iron^ 
lUHie :  the  button  cf  cnide  iron  M'as  found  oxygenated^ 
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and  weighed  249  grains ;  a  produce'in  iron  fix)m  the  raw 
stone  ss  28.5  per  cent. :  the  vitrid  mass  was  found  to 
weigh  354  grains ;  the  loss  of  volatile  mixtures  was  there- 
fare  272  grains,  or  ^Yper  cent.  The  fracture  of  the  re- 
gulus  now  obtained  was  still  white,  though  not  allied  to 
any  degree  of  crystallisation,  and  its  surface  smoother 
zsA  less  oxydated.  The  glass  produced  in  this  experi- 
ment was  of  a  deep  brown  sluning  colour,  in  many 
places  porous,  and  enriched  with  fine  tints  of  colouring. 

Sd,  The  same  experiment  was  repeated  upon  875 
grains  of  a  fine  aUcareous*  iron-stone.  The  fusion  of  tius 
required  a  violent  heat  of  seventeen  minutes,  during  which 
time  the  disengagement  of  a  gaseous  substance  was  most 
evident ;  in  other  respects  it  exhibited  the  same  features, 
when  in  fusion,  as  the  two  former :  the  d^ree  and  length 
of  heat  conveyed  was  nearly  the  same ;  and  th^  result 
obtained  was  a  button  of  carby^oxygenated  crude  iron 
weighing  261  grains ;  a  produce  in  iron  equal  to  30  per 
cent,  fixim  the  raw  iron«stone ;  fused  earths,  now  reduced 

*  I  omitted  to  mention  (p.  37)  another  method  of  ascertaining  the 
.  quantity  of  calcareous  or  limestone  earth  in  an  ore.  Pure  limestone 
contains  44  parts  in  100  by  weight  of  air  (carbonic  acid  gas).  Take 
a  Florence  flask,  or  the  round  bottom  of  a  Florence  flask,  put  it  on 
one  side  of  a  pair  of  scales ;  pour  into  it  one  dram  by  measure  or 
100  grains  by  weight  of  spirit  of  salt,  and  as  much  water.  Put 
^^  weight  in  the  other  scale  \o  balance  this.  Then  pour  into  the  acid 
liquor  your  ore  in  powder,  and  let  it  remain  for  an  hour.  What- 
ever limestone  it  contains  will  be  dissolved,  and  the  quantity  can 
be  told  from  the  weight  lost ;  suppose  the  loss  10  g^. :  then  as  44 
is  to  100,  so  is  10  to  the  limestone  contained  in  the  ore.  This  wilt 
be  accurate  wherever  the  iron  in  the  ore  is  not  in  a  metallic  state ; 
if  it  be,  air  will  be  given  by  the  iron,  which  a  chemist  can 
separate  by  means  of  lime  water.  But  few  ores  will  be  liable  to 
thb  uncertainty. 

Oxydj  Oxydaiiotiy  metal  combined  with  xoygen  or  pure  air, 
which  must  be  separated  from  it  by  means  of  carbon  or  charcoal. 

C^rbon<iiedj  cturbonatiorij  the  uniting  pure  charcoal  to  an  ore* 
which  converts  it  into  a  metal.    T.  C^ 
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to  an  opaque  brown  glass  streaked  with  white,  294  grains: 
loss  in  volatile  mixtures  320  grains,  or  36.5  per  cent. 

The  metallic  button  produced  in  this  operation  had  a 
smooth  crystallised  surface ;  and,  when  in  fiision,  com- 
bined less  readily  with  oxygen  offered  by  the  contact  of 
atmospheric  air,  than  did  the  former  t^vo.  The  firacture 
was  light  grey,  with  a  regular  distinct  grain ;  the  mass  of 
fiised  earths  were  disposed  after  the  manner  of  a  crystalli- 
saticm,  in  radii,  shooting  from  the  circumference  of  a  mi- 
nute  circle  to  the  extremity  of  one  larger. 

From  these  experiments  it  is  obvious  that  reguli  of 
crude  iron  may  be  obtained  from  the  diflferent  classes  of 
iron-stones,  of  a  respectable  produce,  without  any  addi- 
tion whatever ;  and  that  the  tendency  which  these  have 
to  part  with  their  iron  is  in  the  exact  ratio  of  the  quantity 
of  lime  present.  The  following  statement  exhibits  the 
(fiffbence  betwixt  the  real  and  partial  assay  of  the  fore- 
going iron-stones. 

The  siliceous  iron-stone  properly  assayed,  yielded  54.5 
per  cent,  but  by  fusion  per  se*  only  25  ;  leaving  in  the  lat- 
ter method  9.5  mixed  with  the  scoria.  Ar^llaceous  stone, 
properly  assayed,  gave  35.6,  by  fusion  per  ^  28.5 ;  leav- 
ii^  7.1  mixed  wth  the  scoria.  Calcareous  iron-stone, 
properly  assayed,  yielded  33.7,  by  fusion  per  se  30 ; 
which  left  3.7  mixed  with  the  scoria. 

One  reason  may  be  advanced  why  the  iron  produced 
from  the  calcareous  stone  was  so  much  more  in  pro- 
pordon  than  the  other  two  classes :  both  the  siliceous  and 
ai^;illaceous  buttons,  when  deprived  of  their  scoria,  decom- 
posed atmospheric  air  so  rapidly  as  to  suffer  a  little,  in 
point  of  real  metal,  fix)m  the  combination  of  oxygen.  It 
was  otherwise,  however,  when  tlie  surface  of  the  calcare- 
ous button  was  exposed :  the  affinity  of  the  oxygen  to  the 
metal  being  less  than  to  the  carbon  united  with  it,  carbonic 
^id  was  formed,  A  review  of  these  experiments  leads  to 

*  By  itself:  without  addltioix. 
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another  conclusion,  that  without  the  presence  of  carb<m» 
either  in  chemical  union  in  the  ore,  or  attracted  from  the 
ignited  gas  by  the  particles  of  metal,  crude  iron  will  not 
separate  from  the  ore  or  stone ;  and  tliat,  in  proportion  as 
the  metal  is  exposod  to  inhale  this  principle,  its  produce, 
as  increased  and  its  quality  improved. 

It  will  furdier  appear  obvious,  from  the  various  natures 
of  scoriae  wluch  the  different  iron-stones  aflford  when  fu- 
sed ^erx^,  that  tliere  exists  a  want  of  mixture  in  most 
of  them  to  form,  when  fused,  a  fluid  so  sufficiently  divi- 
ded that  no  pordon  of  iron  may  be  retained,  either  in  a 
metallic  state,  or  in  that  of  an  oxyde.  This  deficiency  of 
mixture  is  greatest  in  the  siliceous  iron-stcHies,  less  in  the 
ffgillaceous,  and  least  of  all  in  the  calcareous.  The  prin- 
ciple, therefore,  I  proceeded  upon  was,  to  ascertain  what 
proportion  of  additi(»ial  mixture,  and  of  what  nature,  was 
necessary  to  give  the  proper  equilibrium  to  form  a  transpa- 
rent slag  or  scoria.  When  silex  predominated,  it  was  found 
that  a  major  proportion  of  calcareous  earth,  in  the  solvent  or 
flux,  supplied  the  natural  deficiency ;  and  that  the  whole 
contents  in  iron  were  justly  revived,  and  fully  saturated 
wiih  carbon :  when  at  any  time  it  was  wished  to  revive 
the  metal,  contained  in  such  ores,  possessing  strength  with 
carbonation,  I  found  that  this  could  be  easily  effected,  in 
,all  proportions,  by  the  addition  of  calcareous  earth  with 
St  mixture  of  pure  clay.  In  short,  in  every  experiment 
I  have  made  with  ores,  the  various  natures  of  lime- 
stones, or  chalk,  with  certain  [Mropordons  of  bottle  glass, 
have  been  found  capable  of  reviving  the  iron  contained  in 
all  the  ores  which  have  come  under  my  knowledge,  and  of 
conferring  upon  their  respective  products  every  degree  of 
strength  and  fusibility  *.     In  wder  to  form  an  accurate 

*  Although  I  have  frequently  had  occasion  to  mention  the  com- 
bination of  clay  with  iron-stone,  as  the  mixture  iHiich  in  fusion  con- 
Tcvcd  strenjj^h  to  the  metal,  yet  I  have  not  ventured  a  ccmjejcture 
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judgment  of  Ae  tendency  which  individual  ores  have  to 
afFoitl  their  metal  carbonated,  possessing  strength,  or 
otherwise,  a  flux  of  a  medium  proportion  oi  calcareous 
caith  and  gbs6  is  determined  upon ;  such  as,  with  an  iron- 
stone of  that  genus,  would  afford  super-carbonated  crude 
iron.  Let  the  button  of  iron  so  obtained  be  the  standard 
whei>d^y  to  judge  of  succeeding  results ;  and  let  all  the 
ores  belonging  to  the  same  mine,  or  used  at  the  same  work, 
be  compared  with  it :  these  will  be  found,  acceding  to 
their  mixtures,  possessing  different  degrees  of  carbona- 
tion ;  some  of  them  white  in  the  fracture,  and  others  again 
ift  richiy  carbonated  as  the  standard  regulus ;  their  degrees 
ot  strength  also  approaching  or  receding  from  the  standard 
as  the}"  ap{xx)ximute  or  vary  th>m  the  nature  and  propor- 
tion of  its  original  mixture. 

To  complete  such  m .  undertaking  with  accuracy,  re- 
quires a  minute  knowledge  oi  the  operations  of  the  assay<» 
furnace,  and  the  degree  of  heat  from  time  to  time  excited ; 
the  quantity  of  ore  in  such  a  chain  of  experiments  should 

liow  far  and  in  what  manner  the  mechanical  structure  of  the  metal 
is  altered  when  additional  strength  is  thus  obtained.  It  will  be  a  dif- 
icult  matter  to  decide,  whether  it  is  derived  from  the  natural  infu- 
nbility  of  the  clay,  by  preventing  separation  for  a  longer  time,  and 
new  modifying  the  structure  of  the  particles  of  metal ;  or  whether 
the  acquired  strength  is  entirely  owing  to  the  moleculae  of  the  me- 
tal becoming  more  flattened  and  tenacious  by  a  varied  stage  of  C17S- 
tallisation.  Most  probably  it  is  owing  to  both  causes,  and  that  the 
former  is  productive  of  the  latter ;  tlic  one  the  cause,  and  the 
other  the  effect  accounted  for. 

We  find,  that  from  siliceous  iron-stone,  which  is  fused  with  the 
greatest  facility,  iron  is  obtained  uncommonly  white  and  brittle ; 
and  again,  from  pure  calcareous  iron-Qtones,  which  are  still  more 
difficult  to  reduce  than  the  other  two  classes,  we  find  an  opposite 
extreme  of  brittlcness,  arising  from  an  extra  combination  of  carhoni 
which  destroys  the  continuity  of  the  particles  to  each  other.  Clay 
^11  holds  the  medium;  and  its  addition  alone  restores  a  just 
e<)uiiibrium,  not  of  strength  only,  but  of  fusibility.    Muthet 
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beat  alltime3thesame,andthcn;quisiteheatccFnve}-cdaiid 
completed  at  similar  stages  of  lusiou  and  of  separation. 
Strict  accuracy  of  result,  as  to  the  quantity  of  metal,  will 
not  always  be  obtained  ;  but  a  very  comprdienaive  know-    , 
ledge  will  be  formed  of  the  nature  of  the  earthy  mixtures,   i 
and  tlie  strength  and  fusibility  of  the  metal.     Once  in  the 
possession  of  tlitse,  it  will  \vi  no  difficult  matter  to  super- 
add  a  portion  of  earths  requisite  for  perfect  reduction.     In 
tu'o  simple  experiments,  therefore,  not  only  die  real  quan-    , 
tit}'  of  metal  contained  in  the  ore  is  obtained,  but  its  pre- 
sumpti\-e  strength  and  fusibility  developed  in  a  great  mea- 
sure prior  to  its  application  to  the  purposes  of  the  blast- 
funiact."*  *  «  « 

'  It  will  easily  be  conceived,  irom  the  mode  of  opera- 
tion which  I  have  adopted,  that,  in  orderto  procure  accu- 
rate results,  the  proportion  of  flux  must  be  varied  accord- 
ing to  the  mixtures  in  the  iron-stoni.-s  or  ores;  and  that 
no  universal  solvent  can  be  used  as  capable  of  assaying  : 
ff//ores. 

As  the  gradation  of  mixtures  in  the  ores  is  almost  im- 
perceptible, tliere  are,  in  fact,  no  fixed  limits  by  which 
Nature  has  distinguished  the  various  classes :  we  find  all 
the  varieties  diminisliing  tlieir  predominant  earth,  and  as- 
suming, in  equal  propordons,  those  of  each  other,  Uius 
constituting  the  class  of  equalised  mixtures  ;  jet,  here, 
the  variety-  of  combination  ceases  not,  the  predominating  > 
cardi  gradually  becomes  the  minor  part  of  the  mixtiut, 
and  that  which  only  held  a  second  rank,  as  to  quantitj,  is 
now  the  chief  component  earth ;  the  peraiutaticm  goes 
roimd,  till  the  earth,  which  existed  in  the  most  sparing 
quanlJtj-,  now  predominates  to  excess. 

In  such  an  infinity  of  \'ariation,  it  is  difficult  to  arrange 
the  combinations  of  which  these  substances  are  capable. 
To  derive  tlie  name  of  a  class,  or  genus,  fi*om  the  predomi- 
nancy of  an  earth,  seems  most  eligible;  and  to  consider 
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easTmeties  of  the  same  class,  *phichare  altered  by 

e  proportion  of  the  second  and  third  mixtures.     Ag;ui^ 

1  oftliese  varieties  are  susceptible  of  a  miiltiplici^  of 

ifications  before  an  earth  is  so  far  diminished  as  to 

e  an  aacendtucy  to  another,  or  before  the  third  rank  of 

rtion  has  assumed  that  of  the  second  or  first.     The 

simple  combination  of  the  carllis,  and  their  deg^-ees  of  pr& 

domiisncy,  may  be  thus  arranged  : — 


Ai|;ilIaceoi 


lus  iron-stone 


Calcareous 


l9t  Vl 

Iron 
Clay 
Lime 
Silcx 
riron 
J  Lime 
Sciay 
[Siiex 
firon 
J  Silex 
]  Lime 
[Clay 


ety, 


2d  Variety. 

-  Iron 

-  Clay 

-  Silex 

-  Lime 

-  Iron 

-  Lime 
SUcx 
Clay 
Iron 
Silex 
Clay 
Lime 


^•3 
< 
^To  assay  any  of  these  varieties,  a  flux  peculLir  to  the 
Mature  of  the  mixture  is  necessary  j  so  that  the  changes 
of  proportion  in  the  solvent  ought  to  extend  to  seven,  in- 
cluding the  class  of  equalised  mixtures,  in  order  that  the 
precise  same  quality  of  crude  iron  may  be  produced  from  . 
all  the  varieties  of  iron-stone.  The  modification  of  Ciich 
varietj'  will  be  found  to  be  sufficiently  accurate,  if  assayed 
by  the'  flux  peculiar  to  itself.  The  arrangement  of  the 
three  classes  of  ores  into  two  varieties,  each  forming  a 
distinct  stage  of  combination,  indicated  by  the  prcdomi- 
nancy  of  the  first  and  second  earth,  are,  with  the  neutral 
class,  sufficienUy  minute  for  any  puqiose  in  the  assay -fur- 
nace,  and  are  sufficient  to  form  an  accurate  and  extensive 
krowledge  of  the  aruilogy  of  these  rcsuJu>  with  those  in  tbo 
blast-funucc. 
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Let  the  earthy  part  of  an  argillaceous  ott  be  composed 
6f  daj  9,  lime  6,  sand  S  »c:  18« 

To  9M9Bf  4  trojr  oimres  of  this  ore  *^    or  t9M  gfaiMi 

add  4      ■     ■    .^     bottle  gk8»  -^  1980 

9    ■    .'  ■  ■          ciMtJk  ^  1440 

0^    II   ■    cfaso^COii  •«-«  340 

11^  9590 

Let  tbe  sccpod  varietjr  of  argillaceous  ores  contam^  clay  10,  si« 
lex  ty  lime  3  sst  20. 

In  this  case,  4  ounces  troy  of  ore        <>-  or  1920  g^rain% 

•  iro!|ld  r^^i4re  4      ■                 boCdeglaBa  -—  1920 

4             >             chalk  —  1920 

Oj     .                  charcoal]  —  360 

IH  G^^O 

Xiet  the  fint  variety  of -the  calcaneous  genus  of  iron-stone  be  sup* 
^pifcd  to  contain,  of  earthy  miKtorts,  lime  14,  clay  6,8ilex  4  «=  24: 
Wlientttts  Irrai-stone  is  to  be  asjutyed, 

to      4o\mcestrof        ">        *  or    1920  grainy 

lidd    5         ^  '  ■■"ir    bfyttle  glass    -  —    2400 
IJ  ■    ■■•■■    chdk     -    •      —    720 

OJ  .'    charcoal      -      —    360 

11^  5400 

.  AgaiAf  let  <liB  second  varied  of  ttie  calcareous  genua  be  mxp* 
{Kiaed  to  contain,  lime  10,  sand  4,  day  4  av  20. 
)wf)ridaddto   4  troy  ounces  -*  or    19^0  grainy 

.4    ■    ■   ■■ bottle  glass      — «    1920 

3    -^—    chalk  —      960 

Oi   ■■>'*■  ■  charcoal  —      240 

10|  5040 
Let  the  flrat  variety  of  siliceous  ores  be  supposed  to  contain 
Sttex  12,  clay  8,  lime  5  =  25. 

Peralk  aasay  of  4  -troy  ounces  of  ore         •  Of  1920  grainiy 

add   4      chalk  —  1920 

d         ■■■      .    bottle  glasa  ^  1449 

Oit        III    charcoal  ■—  360 

11|  5640 
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Andf  hwlfy)  let  the  sdeond  wietf  of  thb  gemitof  iroiMloiie  be 
soppoted  to  contain,  silex  10,  lime  7,  clay  5  «>  23. 
To      4  troy  ounces  of  the  ore  -  or     1930  graiBfu 

tdd     9i  ■     chalk  -  —     1680 

3    bottle  glass  -*.     1440 

0|  — .    charcoal  *^      360 

1  li  5400 

Cbss  of  equalised  mixtures,  composed  of,  clay  7",  lime  7,  ulex, 

7=t  21. 

To  assay  of  this  ore  4  troy  ouficcis  0r     1980  gttdn^ 

iidd   aj .  bottle  glass 1660 

H  — ^.^^  chalk  '^    1300 

0^    ■■  ***•   charcoal        «^      340 

10^  ^40 


^  St/c  tt  al€  Aeprc^x]rdan$ftx|uifilleloobtilb,fi^ 
nrkxis  iron-sloned,  an  acGurate  assaj ;  the  perfection  of 
which  is  dways  itidicated bythe  superior  tr^nspartoojr  of 
Ae  flux,  and  the^ssper-carixmadKHi^  of  tbe  metaUk  hot- 
ton.  By  8cnip«lQU8ly  f(^as¥iug  these  and  similar  pro^ 
portioiis  as  the  exigeneies  of  the  are  ma^poiat  out,  crude 
iron  will  always  be  obtained  of  the  fine^  quality,  carbona- 
ted beyond  whatever  is  produced  in  the  large  way  of  ma- 
sui&cture,  and  its  sur&ce  coveied  with  a  beautiful  carbu- 
ret of  ]ran,t  citfier  in  small  shining  specula^  or  in  the  stal9 
oTa  thin  membrane.    By  a  dight  gradation  of  cdiange  in 

*  That  is,  containing  a  portion  of  carbon  or  pure  charcoal  more 
Uiso  sufficient  to  produce  perfect  malleable  iron,  but  producing| 
miform  fusible  oast  iron. 

tBy  a  carburet  of  iron,  is  meant,  iron  combing  with  a  large  pr<K 
fonkm  of  pure  charcoal,  or  carbon. 

Blalleable  ir<ni,isiron  unconUuned  either  with  air  or  with  carbon. 

Blistered  steel  is  iron  with  a  snu^  proportion  of  carbon. 

Fusible,  hard,  cast  steel,  contains  still  more  carbon. 

Fusible  amopth  fafied  cast  inHi,  still  more  than  cast  steel. 

T.q. 
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the  proportions  of  the  component  parts  of  the  flux,  tbft 
tnttal  of  tlif  same  iron-stone  may  be  made  to  pa&s  througb 
all  tlie  inferior  slates. 

Since,  then,  ;tU  iron-stones  in  the  assay- furnace  may  be 
tn.ide  to  give  out  their  iron  at  pleasun,  of  all  the  various 
qualities,  it  is  surely  erroneous  to  assert,  tliat  such  and 
sui;h  iron-stones  contain  such  and  such  qualities  of  iron  ; 
thit  this  one  afibrds  metal  of  the  finest  qualit),  ivhile  that, 
on  the  contrarj-,  j-ields  iron  fit  only  for  Ibrge-pigs  or  bal- 
last ;  yet  this  is  the  uiiiversal  language  in  the  manufacto- 
ry. In  tliis,  as  in  many  instances,  we  accommodate  the 
language  to  our  ideas,  rdtlicrthan  our  ideas  to  truth.  The 
suffr.igeoi"  prtA'iiiling  custom  has  imptrceptibly  associa- 
ted «"ith  our  ideas  many  absurdities  which  wc  are  after- 
wards ashafhed  to  acknowledge,  and  which  darken  the 
gleam  of  truth,  or  render  it  apparently  ridiculous,  merely 
because  it  is  at  varience  with  our  prejudices.  Where 
science  guides  not  the  manufacturer,  or  is  scorned  by 
him,  his  train  of  reasoning,  ihoug^i  far  from  being  just,  is 
short ;  it  is  fitted  to  the  n:irrow  culture  of  his  mind,  and  con- 
sonant  to  a  barbarous  nomenclature  of  received  usage  *. 

'  I  cannot  resist  noticing  one  instance,  prevalent  at  tron-vork% 
of  that  blind  reverence  to  the  opinion  of  our  predecessors,  wbofc 
sources  of  knowledge  must  necessarily  have  been  few  end  contract- 
ed. When  Guper-carbonaKd  crude  iron  is  run  from  the  furnace, 
it  is  frequently  covered  with  a  scurf,  which  wlien  cold  it,  favnd  tg 
be  a  coating  of  plumbago  (carburet  of  iron)  remarkably  brilliant ; 
sometimea  in  small  specks,  and  at  oilier  times  in  large  flakes  i 
this  substance  is  universally  denominated  lulfihur,  and,  as  the  most 
expressive  adjective  for  that  quality,  we  say  that  the  iron  is  sul/iAu- 
ry.  There  are  not,  perhaps,  two  substances  so  opposite  in  llicir 
degrees  of  inftammabllity,  or  so  widely  dififercnt  in  tlieir  properties, 
assulphurand  plumbago;  theexistence  of  the  latter  almost  whol- 
ly supposes  a  total  absence  of  the  farmer :  yet,  such  is  the  want  of 
investigation,  or  (he  slightest  momentary  rcflectron,  thai  an  indo. 
kntbelief  is  passed  as  to  the  presence  of  a  substance  diametncalty 
Opposite  lo  that  vMch  ia  cxpreued.     Sut^iAur  has  hithertg  been 


In  order  to  elucidate  still  farther  how  much  the  quaBty  of 
•  Ae  iron  is  de|>endent  upon  the  proportions  of  the  mixtures, 
in  combination  with  or  given  to  the  ores,  let  a  determhiate 
quantity,  say  aa  ounce,  of  the  oxyde  of  pure  malleable 
iron  be  taken  ; — this  we  are  physically  certain  contains  no 
mixture  except  oxygen  existing  in  quantity  proportioned 
to  the  stage  of  oxydation,  the  quantity  being  ascenained 
by  its  degree  of  obedience  to  the  magnet ;  when  the  quan* 
tity  of  oxygen  given  to  it,  by  the  decomposition  of  water, 
exceeds  25  per  cent,  few  traces  of  magnetic  attraction  are 
perceptible : — introduce  this  oxyde  into  a  covered  cruci- 
ble, without  any  addition,  and  expose  it  to  a  violent  de- 
grec  of  heat  for  40  minutes,  (longer  in  proportion  to  the 
quantity,)  a  button  of  liighly  oxygepated  crude  iron  will 
be  obtained :  if  the  heat  is  continued  longer  than  is  ne- 
cessarv  to  effect  this,  a  small  mass  of  malleable  iron  will 
be  found  occupying  the  bottom  of  the  crucible.  The 
produce  in  either  case  will  be  short  of  the  real  quantity  of 
metal  contained  in  the  oxyde.  When  oxygenated  crude 
iron  is  obtained,  the  ore  from  which  it  is  produced,  to  use 
the  common  phraseology,  is  said  to  contain  bad  iron. 
That  this  has  no  relation  to  truth,  will  be  seen  by  taking 
another  portion  of  the  same  oxyde :  let  it  be  mixed  either 
with  chalk  or  lime,  and  a  little  bottle-^glass,  to  constitute 
fiisibility,  and  expose  to  a  similar  degree  of  heat  with  the 
former ;  the  whole  contents  in  iron  will  then  be  found  re- 

the  philosopher's  stone  of  the  iron  manufactory ;  to  its  presence  is 
attributed  the  production  of  bad  iron**when  the  metal  is  in  its  most 
Taluable  state,  it  is  also  tulfihury  ;— it  prevents  cast  iron  from  be- 
conung  malleable,  and  if  sul/ihur  were  altogether  absent,  hard  or 
white  cast  iron  could  not  be  produced.  If  cast  iron  is  found  colour*- 
ed,it  is  by  the  auifihur ;  is  it  crystallised  a^d  coloured,  then  it  has 
tiilphur  to  excess ;  should  it  have  lost  its  strength,  or  have  become 
loose  in  the  fracture  by  an  excess  of  shrinkage  in  large  castings, 
Kill  it  is  by  the  agency  of  sulphur :  in  short,  in  every  process  in 
the  raanufapturing  of  iron)  sulphur  explains  tlie  inrhole  phenomena ! 
H  is  execrated  in  one  proQ^Vi  and  anxiously  looked  for  In  axtfAkct^ 
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vived,  and  occupying  tlie  bottom  of"  Ae  crticibte  in  ffie  ' 
state  of  fine  carbonated  cnide  iron.  Hert  dien  is  a  com- 
plete alteration  in  the  quality  of  tlic  metal,  though  obtain- 
ed from  the  same  ore ;  for  ire  cannot  consider  iron  com- 
bined with  oxygen,  to  which  earthy  bases  are  given,  in  any 
other  light  tlioJi  that  of  an  ore.  Agabi,  let  a  portion  of 
mixture,  exactly  similar  to  the  last,  have  added  to  it  dou- 
ble or  tripple  its  w'cight  of  bottle  glass,  and  subject  the 
whole  to  an  equal  heat  %vith  the  former  experiments,  near- 
ly a  complete  revival  of  all  the  metal  wili  be  found  to 
have  taken  place  ;  its  quality,  however,  iv-ti  be  iiighiy  ox- 
ygenated  and  brittle.  Such  experiments  clearly  demon- 
strate, that  the  various  qualities  of  crude  iron  are  entirely 
owing  to  the  mixtures  in  the  ore,  and  their  treatment ; 
and  that  iron,  considered  as  a  simple  metallic  substance^ 
is  the  same  in  point  of  quality  in  all  ores. 

If  iron  was  originally  fcHrocd  in  a  metallic  state,  its  pro- 
perty of  decomposing  WTiter,  whether  casually  exposed  to 
a  moist  atmosphere,  or  removed  at  various  depths  from 
the  surface,  furnishes  an  hypothesis  as  to  the  primitive 
principle  of  iron  ores  j  diat  part  of  the  water — by  far  the 
greatest — which  itmaiiied  undecomposed,  would  serve 
as  a  medium,  or  vehicle  of  suspenaon,  and  conveyance 
to  the  oxyde ;  this  again,  in  its  turn,  would  be  deposited 
either  at  the  fountain-head,  or  at  a  grejiter  or  lesser  dis- 
tance from  it,  according  to  the  affinities  exerted  upon  it 
by  other  substances  with  which  it  might  come  in  contact. 
Corresponding  with  this  supposition,  we  commonly  find 
those  ores  which  are  formed  in  vertical  masses  or  knobs, 
approached  by  a  great  number  of  small  veins  occupying 
the  smallest  fissure  or  crevice  in  the  rock.  Time,  and 
the  re-action  of  additional  water  and  acids,  would  a 
second  time  carry  off  a  portion  of  the  ore  in  chemical  u- 
nion ;  this,  by  the  exertion  of  neiv  affinities,  Koiild  become 
jirecipitated,  and  piised  with  the  stispcnded  earths,  to  form 
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r  strata  of  iron-stone.  To  such  a  primary  and  se- 
concWy-  agency  of  formation  may  be  attributed  the  gejie- 
raj  superior  richness  of  ores  found  in  irregular  vertical 
masses,  to  that  of  iron-stones.  The  same  cause  will  also 
explain  why  more  determinate  qualities  of  iron  are  obtain- 
cd  from  primitive  ores,  than  from  those  of  a  sccwidaiy 
formation.  In  the  former,  the  mixtures  are  commonly 
fcpver,  ajid  the  quality  of  the  malleable  iron  more  decided; 
iu  the  latter,  the  qualit}'  of  tl>e  metal  is  less  certain,  and 
more  various,  from  the  mixtures  being  more  numerous. 
Hence  we  may  also  trace  the  reason  of  the  superior  quali- 
fies and  marks  possessed  bj'  some  of  tlit  foreign  fabrics 
over  each  odier,  wlierc  die  same  fuel  has  been  used,  and 
the  same  course  of  manufacture  followed. 

H-iv'mg  so  far  considered  crude  iron,  in  r^anj  to  its 
fusibility,  and  thi.'  facility  with  which  it  becomes  changed 
ini'j  various  degrees  of  carbonation  cr  oxygenation,  con- 
siimting  a  variety  of  qualities  moat  pointedly  distinguish- 
ed in  commerce,  and  in  wliich  the  metallurgist  discovers 
widely  different  propoties  ai\d  charatcristic  forms ;  I  shall 
Dext  («x»ceed  to  mention  in  what  manner  strength  may  be 
given  to  any  qualiTy  of  crude  iron  which  may  probabl)'  be 
obtained  by  tlic  fusion  trf"  an  ore,  and  from  what  source 
tliis  propertj-  is  dai\ed. 

Upon  a  former  occasion  I  ha^'e  mentitmed  diat  iron,  ob- 
tained from  argillaceous  ores, posscssedadt^-eeofstrengtli 
bevond  that  obtuincd  from  the  other  genera.  This  tnitb 
daily  presents  itself  to  our  observation  in  the  large  scale  of 
manufacture ;  and  however  erroneous  the  reasoning  of  the 
manufacturer  as  to  the  cause,  yet  so  c\  jdent  arc  the  conse- 
quL-nces  produced,  tluit  we  must  immediately  attribute 
them  to  some  source  beyond  the  casualities  of  operatioo 
in  the  smelting  furnace.  In  the  explanation  of  tliis  feet, 
w  OQ  the  degrees  of  oxygenation  and  caihonation  in  ge- 
■ral  the  manufacttirer  has  recourse  to  the  existent  nature 
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of  ihe  iron  in  the  ore,  and  denominates  the  metal  contain, 
ed  in  such  and  siicli  an  ore  to  be  "  strong,  coarse,  ill-melt- 
ing iron  ;"  or  "  weak,  taidcr  iron,  possessing  no  body." 
That  iron-stones  and  ores  yield,  in  the  operation  of 
smelting,  difRrent  qualities  of  crude  iron,  as  to  strength, 
is  an  undeniable  fact ;  and  tiiat  the  siime  variety  attaches 
to  iron  ivlicn  converted  to  malleability'  is  a  truth  diiily  evin- 
ced in  our  forges  :  yet  these  facts  by  no  means  entitle  us 
to  conclude,  without  fiather  investigation,  that  these  va- 
rieties of  strengdi  are  the  hereditary  property  of  the  pris- 
tine  formation  of  the  metal.  This  inference  accords  with 
a  hasty  view  of  the  mutter,  and  a  bare  comprehension  tS 
efiects,  without  tracing  to  its  source  die  modifjing  prin- 
ciple of  the  whole.  Tlie  thcorj-  which  1  have  adopted, 
and  which  ui  everj*  step  I  have  found  supported  by  nume- 
rous experiments,  upon  different  scilcs,  and  by  a  long 
course  of  pmctical  observation,  explains  to  me,  with 
much  more  ease  and  harmony,  the  whole  phenomena  (J 
quality  in  ores  and  iron-stones. 

To  illustrate  th:it  part  of  my  theory  relative  to  strength, 
let  the  preceding  experiment,  wherein  carbonated  crude  i 
iron  was  produced  from  the  oxydc  of  pure  iron,  be  repeat- 
ed with  the  addition  of  a  little  pure  clay.  If  the  clay  ad- 
ded be  lialf  the  weight  of  the  lime  also  used,  the  iron  will 
be  found,  when  subjected  to  the  gauge,  much  superior 
in  strength ;  and  if  the  experiment  be  accurately  perform- 
ed, the  metal  ivitl  be  but  a  Utile  reduced  in  point  of 
carbonation.  The  following  proportions  will  give  accu- 
racy to  the  result : — Oxyde  of  iron,  4  parts — Lime,  2 — 
Cliiy,  1 — Glass,  3  =  10  parts.  By  mixing  clay  with 
the  flux  in  all  experiments,  the  strength  of  the  crude  iron 
is  improved.  This  point  may  be  urged  so  fer  as  to  form, 
by  an  extra-addition  of  clay,  a  flux  of  difficult  fusion ;  in 
which  the  iron  becomes  suspended  in  globules,  ithich  arc 
partially  muUeabilised  apart  from  each  other.     Crude  iron. 
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obUiWa  wiUi  a  superior  mixture  of  clay,  jn  all  its  stages 
of  quality,  possesses  a  greater  degree  of  strength  than  iron 
from  calt;areous  iron-stones.  Iron  fixam  argillaceous  iron- 
stone is  reckoned  strongest  when  carbo-ox}-genated ;  that 
extracted  from  calcartous  iron-stone  is  reckoned  to  pos- 
sess most  strength  wIkh  oxygenated,  mottled.*  I  would 
fer  exceed  (lie  limits  of  tlie  prestrnt  communication,  were 
1  to  enter  fully  into  this  curious  subject,  and  particularise 
the  different  results  obtained  by  the  fusion  of  ores  with  dif- 
ferent earths  in  various  proportions :  Jill  mj'  experiments 
have  fully  proved  to  mc,  that  originally  the  quali^-  of  the 
iron,  simply  considerc-d,  was  the  same ;  that,  as  it  tmder- 
went  citange  by  decomposition  and  new  combination,  it 
became  united  to  foreign  sub^tiinces,  possessing  widely 
diStrent  properties ;  and  which  mixture,  by  a  general  fu- 
sion, imparts  to  the  metal  various  properties,  seldom  ho- 
mogeneous, but  frequently  otherwise  ;  in  short,  that  the 
numberless  mixtures  with  which  it  is  combined  arc  not 
neutral  in  fusion,  but  convey  an  alteration  to  the  quall^  of 
the  reduced  iron.  I  hope  to  resume  this  subject  when 
my  experiments  will  be  more  extended  by  the  examina- 
tion of  a  vast  variety  of  iron-stones,  and  sliall  then  point 
out  tlie  consequent  efl'ects  of  their  appUcation  to  the  raa- 
nu£icture  of  cast  and  malleable  iron. 
The  assaying  of  primary  opesf  comes  next  under  consl- 
ration.  These,  I  have  already  said,  possess  a  much 
Sater  diversity  of  external  chiu^cter,  as  well  as  internal 
than  those  of  iron-stone.  When  assayed  with  a 
»us  flux,  either  of  salts,  alkalies,  or  silex,  the  results 
t  rendered  very  uncertain  and  erroneous  :  when  pot-ash, 
,  &.C.  arc  usc-d,  the  crucible  is  often  destroyed,  and 
compound  entirely  lost :  when  bottle  glass  and  a  mix- 
e  of  these  are  used,  die  scoria  formed  is  so  very  blade 

'  I  ruinot  comprehend  this.     T-  C- 
t  Orei  fuund  ui  primUive  funiucioni. 
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and  ponderous  as  to  give  the  most  presumable  indicalloO 
of  the  secretion  of  metallic  oxydc  :  this  is  aftcnvards  ve- 
rified by  fusing  the  mass  ^vith  a  mixture  of  dried  chalk 
and  charcoal,  a  globule  of  metal  ivill  be  obtained,  which 
evinces  the  richness  of  the  scoria  ;  this,  having  lost  its 
colouring  principle  (the  metal),  becomes  clear  and  trans- 
parent. The  results  from  these  ores  by  fusion  afford  va- 
rious products,  and  lead  to  different  conclusions :  I  shall 
mention  several  of  them. 

The  Cumberland  iron  ore,  when  introduced  into  a  cru- 
cible without  any  additional  mixture,  fuses  easily,  and 
forms  an  opaque  scoria,  internally  of  a  black  colour,  but 
towards  tlie  surface  covered  with  fine  shades  of  brown : 
this  arises  6x)m  a  partial  oxygenation  of  tlie  semi-revmd 
metal  while  cooling,  and  is  often  injured  by  a  fresh  com- 
bination of  oxygen.*  If  the  crucible  remains  sound,  and 
the  melted  mass  is  kept  in  a  state  of  extreme  division  for 
an  hour,  a  considerable  quantity  of  metal  will  be  found 
precipitated,  but  so  highly  oxygenated  as  to  shiver  te 
pieces  if  exposed  to  air  before  it  is  entirely  cooled.  If,  when 
the  crucible  is  taken  from  the  furnace,  it  be  slifjhtly  incli-  . 
ned  to  one  side,  and  the  vitrified  fluid  entirely  removed 
prom  the  siuface  of  the  metal,  a  violent  deflagiation  will 
immediately  ensue,  the  ejected  globules  will  be  tlirown 
three  feet  upwards  from  the  mouth  of  the  crucible  :  if  the 
quantity  of  metal  does  not  exceed  500  grains,  it  will  total- 
ly disappear,  except  a  rough  dark-blue  oxyde  in  the  bot- 
tom of  the  crucible,  not  above  l-4th  of  the  original  weight. 
The  metal  thusoxydated*  will  be  found  in  small  spherules 
of  a  blackish  colour,  and  spongy  around  the  spot  occupi* 
ed  by  the  crucilile. 

This  curious  appearance  is  in  fact  a  combustion  of  iron 

by  oxygen  gas,  fumislicd  by  the  decomposition  of  atmOs- 

{dienc  air  :  it  is  an  operation  which  the  accurate  observer 

^L  *  By  being  exposed  to  the  atmosphere.    T.  C.       ^^^| 
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M3J' dally  see  manifested  in  almost  even*  dqiartment 
of  the  foundery  and  forge.  By  a  just  comprehenbion  of 
it,  and  a  proper  appreciation  of  its  effects,  we  have  a  key 
fjT  the  elucidation  of  the  source  and  action  of  many  facts 
long  ^Tapped  in  mystery,  or  which  have  been  explained 
upon  principles  destitute  of  stabilitj-,  and  unaltied  to  the 
fundamental  operations  of  truth. 

Ii)  place  of  withdrawing  the  crucible  immediately  upon 
separation  of  the  crude  iron,  were  it  to  remain  for  an 
longer  under  an  inferior  degree  of  heat,  so  as  to  con. 
eoUdate  tlie  metal  without  again  fusing  it,  tlicn  the  whole 
mass  would  be  found  malleable ;  the  scoria  light  and  po- 
rous. \n  one  of  my  experiments  upon  the  hfematites  va- 
riety, I  obtained  from  1  lb.  avoirdupois,  or  7000  Troy 
grains,  an  ingot  of  fine  malleable  iron  weighing  4436 
grains;  a  produce  equal  to  64  ^fv  c«i^* 

An  oxygenating  flux  was  however  used,  and  nearly  the 
ifhole  contents  in  iron  previously  revived.  In  experi- 
ments without  the  addition  of  aflux,  the  transmutation  from 
cast  to  malleable  iron  Is  shortened,  but  the  produce  is  not 
mere  dian  5-8du>  of  the  intrinsic  contents  of  the  ore.  Even 
the  process  may  be  considerably  shortened  by  removing 
the  covering  of  vitrified  earths  floating  upon  the  surface  of 
the  metal :  thus  the  small  portion  of  tlie  carbonaceous 
principle  constituting  fusibility  is  almost  uistandy  carried 
off  by  tiie  combination  of  oxygen ;  the  metal  loses  its  flu- 
idity, becomes  thick  and  clotted,  and  more  speedily  pass- 
es into  the  malleable  state.     In  this  process  tlie  quanti-  ^ 

'This  nught  beacktuced  as  a  prooF  that  crude  iron  contuns 
more  ports  congenial  to  malleability  than  is  geoerally  admitted,  or 
than  ia  matii&ated  in  the  openLtion  of  converting  it  into  niaUeahle 
mn  >t  the  forge :  the  loss  there  has  already  been  mentioned  to 
unount  to  from  30  to  50  ficr  cent,  of  real  metal ;  in  tliis  assay,  how- 
•rer,  the  produce  in  malleable  iron  was  only  4,5  less  than  when 
accurately  assayed,  and  rich  carbonated  crude  iron  was  obtained ; 
iO  which]  too,  the  carbon  constituted  »  part  of  the  weight. 
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ty  of  malkable  iron  obtained  is  still  less  than  in  the  tm% 
farmer :.  the  surface  of  the  metal  bdng  exposed  by  the 
removal  of  the  scoria,  oxydation  takes  immediate  eflKxrt ; 
and  whilst  malleability  is  pervading  the  under  surface  of 
the  metallic  button,  the  upper  one  becomes  reduced  to  a 
blackish  blue  oxyde.  Here  a  striking  proof  is  afiford-^ 
ed  of  the  great  affinity  which  oxygen  has,  in  high  tern- 
peratures,  to  heat  or  caloric.  Were  the  surface  of  such 
Idghly  oxygenated  cmde  iron  exposed,  while  fluid,  to  at- 
mospheric air,  at  an  cxtlinaiy  medium,  for  l-Gth  of  the 
time,  its  whole  metallic  properties  would  be  completely  de* 
strayed :  in  the  present  instance  nearly  oiie-half  of  the  me* 
tal  is  preserved,  although  its  sluface  is  exposed  to  the  ac« 
tion  of  a  violent  current  of  gas,  (air)  ignited  to  the  highest 
pitch  of  whiteness^.  In  the  proper  assay  erf*  this  ore  I  have 

*  I  haye  frequently  obseired,  in  experiments  with  pretty  deep 
cracibles,  where  the  most  violent  heats  were  excited,  and  where 
the  flmd  metal  had  assumed  a  whitish-blue  colour  somewhat  inclin? 
ing  to  azure,  that  the  quantity  of  oxyde  formed  was  imperceptiblei 
and  never  viuble  while  the  heat  was  continued  of  equal  intenai^i 
when  thb  agent  became  less  urgent,  the  sur&ce  of  the  metal  be^ 
came  ozydatedas  usual.  When  a  regulus  of  crude  iron  thus  ex« 
posed  was  wished  to  be  obtained  free  from  oxydation,  a  little  dry 
charcoal  was  introduced  into  the  crucible  so  as  to  cover  the  regu* 
lus;  tlus  prevented  the  action  of  the  air  from  taking  effect  while 
cooling,  and  preserved  the  button  smooth.  During  such  expo^ 
sures,  when  no  oxyde  was  produced,  I  have  noted  a  loss  of  metallic 
pans  equal  to  5.7,  or  10  p,eT  cent,  when  the  space  of  time  did  not; 
exceed  one  hour.  Anv>ng  several  conjectures  respecting  the 
jcftuse  of  this  deficiency  in  weight,  and  real  abstraction  <^  metali 
the  two  fi>llowing  have  with  me  most  weight  1st,  Eitjber  the  me- 
tal deQagrates  in  small  pairticles,  which  are  thrown  out  of  the  cm* 
cible  in  sparkles,  made  invisible  Ky  the  transcendent  brightness  of. 
the  surrounding  heat :  Or,  3d,  that  in  consequence  of  the  fluid  me* 
tal  being  exposed  to  such  a  degree  of  heat,  in  contact  with  oxygen^ 
eus  gas,  part  of  it  becomes  acidified,  and  forms  the  ferric  acid.* 

♦  This  acid  has  never  yet  been  shewn.    T.^C. 
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found  all  tbe  varieties  susceptible  of  various  degrees  of 
carbonation :  for  the  most  part  I  have  used  chalk  and 
charcoal  few  the  reduction  of  the  ore  into  carbonated  crude 
iron.  In  the  haematites  variety,  for  1  lb.  avoirdupois  I 
have  commonlv  added  6  oz.  dried  cholk^  and  3-4ths  oz. 
of  charcoal ;  and  for  the  splinty  blue  ore  also  a  siitiilur 
nuxture.  From  both  of  these  I  have  obtiuned  the  rich- 
est sort  of  crude  iron.  In  the  manuLctorj-,  these  varie- 
ties are  always  reckoned  to  produce  the  hcirdest  and  most 
iniu^ble  qualities  of  crude  iron :  when  the  metal  is  sub- 
sequently manufactured  into  bars,  it  is  stated  at  different 
places  to  produce  cold  and  hot  short  iron. 

The  kidney  ore  will  admit  of  a  diminution  of  chalk,  and 
a  small  adcUtion  of  glass ;  1  lb.  avoirdupois  of  this  varie- 
ty will  be  accurately  assayed  with  the  addition  of  5  oz. 
dialk,  1  oz.  of  glass,  and  3-4ths  oz.  charcoal.  The  same 
proporticm  of  mixtures  will  also  accurately  reduce  the 
small  pieces  of  this  ore,  commonly  of  a  soil,  greasy  con- 
sislency,  mixed  with  small  fragments  of  the  haematites 
ndiudney,  and  will  give  out  the  iron  which  they  contain 
super-carbonated.  A  mixture  of  this  soft  ore  with  kid- 
ney is  prefiarred  to  the  richer  varieties  at  the  iron  manu- 
bctones.  The  Lancashire  ore  chiefly  consists  of  this 
compound,  and  the  poorer  in  iron  has  always  a  decided 
preference  given  it  at  the  blast  furnace. 

The  stratified  iron  ore  of  the  island  of  Islay  is  of  most 
di£Bcult  fusion  when  treated  without  any  addition.  It 
fiises  into  a  blackish  green  ponderous  mass,  and,  even 
exposed  to  the  highest  heats,  lets  fiill  but  a  small  sliare  of 
its  ircm.  The  quality  thus  obtained  is  in  the  highest  degree 
oxygenated ;  its  fracture  is  partially  crystallised  in  lines 
whidi  converge  towards  the  upper  surface  of  the  button, 
similar  in  crystallisation  to  tlie  fracture  of  zinc.  Are- 
gulus  thus  obtsdned,  when  divested  of  its  scoria,  and  pro- 
*  Instead  of  clialky  pure  limestone  or  marble  might  be  used.  T.  C 
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perly  exposed  to  the  action  of  tlie  ignited  gas,  soon  loses 
its  fluidit;-,  and  passes  into  the  state  of  strong  malleable 
iron.  If  this  operation  is  performed  mion  a  large  quanti- 
tj',  without  agitating  or  turning  the  mass,  the  upper  sur- 
face of  malleable  iron  \vill  early  acquire  the  cold  short  qua- 
lity, aiid  ■will  be  subject,  at  the  same  time,  to  an  uncom- 
mon waste  by  the  rapid  oxydation  of  its  parts.  In  assay- 
ing tliis  ore  for  the  production  of  carbonated  crude  iron, 
tlie  results  are  obtained  with  considerable  difficulty ;  sel- 
dom perfect  till  die  second  or  third  experiment.  Tlus  is 
chiefly  owing  to  the  great  variety  of  quality  in  the  stratum, 
two  pieces  seldom  being  alike  either  in  appearance  or  in 
reality.  The  inferior  masses  yield  from  44  to  48  per 
cent :  and  the  superior  qualities  I  have  found  as  rich  as 
56  to  6 1  per  cent.  To  obtain  carbonated  crude  iron  from 
tlie  richest  varieties  of  tliis  ore,  add  to  1  avoirdupois  lb.  of 
.  it,  7  ounces  of  dried  chalk,  3  of  bottle-glass,  and  1  of  char- 
coal. Tliis  mixture  m\\  produce  soft  crude  iron,  possess- 
ing great  strength,  and  an  uncommonly  large  crj'stallised 
grain.  The  poorer  qualities  require  an  additional  quan- , 
tity  of  calcareous  earth,  to  restore  the  equilibrium  lost  by 
the  substitution  of  silex  in  place  of  iron.  This  ore  Had 
a  trial  in  the  large  way  at  Clj'de  Iron  Works,  but  was 
found  to  yield  ftad  iron  with  the  usual  proportion  of  fuel. 

Opposite  in  its  quality  and  results  is  the  Swedish  otc 
of  the  island  of  Elba.  This,  when  presented  to  a  requi^te 
propoiiion  of  carbonaceous  matter,  to  take  up  its  oxygen, 
not  only  clears  itself  of  this  hurtful  mixture,  hul  also  taJtea 
up  a  considerable  portion  of  carbon,  which,  in  fusion,  be- 
comes  united  to  the  metal,  and  constitutes  il  ptTfcctly  car- 
bonated. In  expaimcnts  with  this  ore,  1  found  diat  when 
2  oz.  of  it  were  treated  with  2  and  a  half  oz.  chalky  half  ap 
oz.  bottlc-glass  and  a  quarter  oz.  charcoal,  llie  mixture  was 
ivith  difficulty  reduced  to  a  ^vhite  glass ;  which  at  no  time 
had  hern  sufficiently  divided  to  allow  a  general  gravitation 
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Toowntany  globules  of  beautiful  carbonated  Iron  thus  se- 
paratcd.  In  fusion,  therefore,  per  se,  the  metal  precipita- 
ted becomes  greyish,  and,  in  many  instances,  affords  simi- 
lar results  to  a  pure  calcareous  iron-stone  ;  widi  tlusprin- 
dpal  difierence,  that  it  abounds  with  nearly  a  double  quan- 
tity of  metal,  whose  tendency  to  become  carbonated  isno- 
^v'ays  inferior  to  any  iron-stone  of  that  class.  A  smooth 
carbonated  regnjus  will  be  obtained  from  this  ore,  by 
usir^  the  following  proportions :  Ore  in  a  raw  state,  2 
ounces;  chalk,  2  ounces;  bottle-glass,  I  1-2  ounce; 
and  charcoal,  quarteroz.  Tlie  scoria  resulting  from  this 
fusion  will  be  of  a  light-blue  colour,  clouded,  and  variega- 
ted like  an  ^ate,  and  very  transparent.  The  great  dis- 
tance of  Elba  from  this  countrj-  precludes  the  possibility 
of  using  tlus  ore  in  our  m^ufactorics  with  any  profit,  un- 
less it  could  be  brought  home  as  ballast,  and  delivered  in 
the  vicinity  of  any  iron-work  at  22s,  per  ton.  The  pro- 
ducts obtained  from  it  in  the  assay-furnace,  indicate,  in 
an  uncommon  degree,  how  very  valuable  the  quality  of 
midc  iron  would  be  in  the  scale  of  manufacture,  by  its 
ippticaiion. 

The  Norwegian,  Danish,  and  Swedish  ores,  found  in 
arata,  resemble,  in  many  points,  the  Scotch  ore  of  the 
island  of  Iblay  ;  in  assaying  them  a  similar  treatment  is 
DOCessaT}'.  Some  of  them  are  more  fusible,  and  afford 
angular  qualities  of  crude  ii'on.  When  fused  with  osy. 
genating  fluxes,  tlic  metal  produced  is  uncommonly  hard 
Ind  brittlf ;  exhibiting  a  iracture  studded  ivith  brilliant 
minors,  diverging  the  light  in  small  radii :  even  whea 
fluxes  are  used,  capable  of  convejing  carbonation,  the  me- 
tal exhibits  tlus  bright  granulated  fracture  in  a  great  de- 
gree.  One  of  the  ores  from  tlic  mine  of  Houban,  upon 
being  exposed  a  considerable  time  after  separation,  afford- 
ed a  mass  of  prett)'  good  steel.  The  proportions  neces- 
atiy  to  assay  these,  with  accuracy,  so  intimately  depend 
upon  their  richness,  ^d  th<:  relative  pi'opofUona  of  ^nux- 
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ture  with  which  the  iron  is  combined,  thattfiesameretape 
can  seldom  be  applied  to  more  dian  one  variet}\  As 
iron-stonts  arc  more  defined,  and  their  treatment  prescri. 
bed  by  more  certain  rule,  a  kno^vledge  of  them  will  soon 
lead  to  a  just  comprehension  of  tlie  primary  ores ;  a  se- 
cond  exptrimtnt,  therefore,  with  any  of  them,  will  be  suf- 
ficieiit  to  point  out  the  necessary  proportions  for  obtaining 
in  the  next  assay  carbonated  crude  irqp.  In  one  collec- 
tion of  Norwegian  ores  I  found  the  following  varietj->^ 

No.  1.    No.  2.    No.  3.    No.  4.    No.  5.    No.  6. 

21     -     35     .     47     .     55  -  63  iron 
'  17     -     16     -     19     -     11     -     24  -  19  volatile 
1 65     -     63     -     46     -     42     -     21  -  18  earths 
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100  100  100  100  100  100 
This  simple  table  \vill  shew  plainly  how  necessary  it  is 
to  accommodate  the  flux  to  the  variety  of  the  ore.  If 
from  this  collection  you  wish  to  obtain  carbonated  regu- 
lus,  it  is  obvious  tliat,  in  order  to  saturate  them  equally, 
the  iron  contained  in  No.  3  ought  to  be  presented  with 
double  the  quantitj-  orcaibon  necessarj'  to  carbonate  Ko.'^ 
1;  No.  5  with  a  triple  quantity  ;  that  of  No.  6  with  mCre 
than  3  and  a  half :  and  as  I  liave  proved  that  this  efiecc 
will  be  chiefly  produced  ^vith  the  use  of  a  calcareous  ear^ 
It  will  at  once  be  conceived  how  far  this  substance  is  to  be 
used  as  die  instrument  of  altcradon. 

In  the  recipes  adduced  in  this  and  the  preceding  paper, 
(  have  alwaj-s  noted  charcoal  as  aconstituent  of  each  mix- 
ture. Since  I  discovered  that  the  contact  of  calcareooi 
earths  cotwei/ed  carbo7iation  to  the  metal,  by  the  decomposi-  ' 
turn  of  the  carbonic  acid,  I  have  reduced  the  proportion, 
of  charcoal  commonly  used  in  tlic  flux,  and  have,  in  tbe 
treatment  of  most  iron-stones,  even  abandoned  it  altcge- 
ther:  however,  as  my  experiments  have  not  yet  extendi 
universal!)-  to  primar)-  ewes,  I  have,  in  the  mean  time,  re-^ 
feiined  it  as  a  constituent  pan  of  the  solvent. 
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\        The  we  being  thus  analysed,  it  may  he  submitted  to 
the  common  processes  in  the  lai^  ivay. 

Roasting.  If  the  ore  on  being  pounded  and  exposed 
to  a  full  red  heat,  gives  out  any  sulphureous  vapour,  h 
^louid  be  fxiasted,  by  placing  it  in  wedge-like  heaps,  and 
leaving  (^)enings  for  a  fire.  The  ore  thus  roasted  with  a  full 
red  heat  for  10  or  12  hours,  will  jiart  with  nearly  all  its  sul- 
phureous and  watery  parts.  But  unless  it  be  stratified  with 
charcoal  dust,  the  current  of  air  will  oxygenate  it,  and  ren- 
do*  it  still  less  metalline  than  before,  and  cause  it  to  require 
I  greater  charge  of  charcoal,  and  a  longer  time  in  the  smelt- 
ing furnace.  Mr.  Mushct  proposes  roasting  the  ore  in  a 
separate  furnace,  but  this  would  appear  here,  a  plan  too 
complicated. 

The  common  method  as  detailed  by  Dr.  Aikin,  is  aa 
follows.     1  Chem.  diet.  596. 

The  first  process  that  the  iron-stone  undergoes  after  it 
has  been  broken  into  pieces  not  larger  than  an  egg,  b  roast- 
ing. This  b  sometimes  performed  in  cup-shaped  kilns, 
tbe  bottom  being  occupied  by  lighted  coals  and  the  kiln 
dien  filled  up  with  ore,  whit.h  by  tlie  time  that  the  fuel  is 
consumed  is  found  to  be  sufficiently  torrlfied.  The  most 
asual  way  however  of  burning  iron-stones  is  the  follow* 
bg.  Upon  an  oblong  piece  of  firm  and  level  ground  is 
laid  a  bed  of  small  coal  firom  four  to  eight  inches  in  thick- 
ness ;  upon  this  is  placed  a  stratum  of  iron-stone  compo- 
•ed  of  pieces  as  nearly  asposable  of  the  same  size,  and 
fixtm  18  inches  to  two  feet  thick:  the  upper  surface  of 
this  is  then  rendered  more  compact  by  filling  up  the  inler- 
^■^ccs  widi  smaller  pieces  of  ore.  Upon  this  rests  a  layer 
^Pk  small  coal  not  more  dian  two  inches  thick,  and  on  tht3 
^^U  a  base,  is  reared  a  gradually  diminishing  pile  of  ore  so 
as  to  resemble  the  ridge  of  a  house ;  finally,  the  whole  ex- 
ternal surface  receives  a  compleat  covering  of  small  coals 
i  dust.     The  pile  is  kindled  by  applying  burning 
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coah  to  the  lower  fitratiim,  which  by  degrees  igflitt  the 
whole  mass.  The  breadth  of  the  p'lle  at  the  bottoitt 
varies  from  10  to  16  feet,  the  usual  height  is  about  five 
feet,  and  the  length  varies  from  30  feet  to  60  yanfe.  When 
the  coals  are  consumed  the  pile  gradualfy  cools^  and  ift 
e%ht  or  ten  days  may  be  wheeled  away  to  the  ftimace* 

The  ore  if  Avell  roasted  will  now  be  of  a  reddish  brcwCtt 
colour,  of  dhninished  specific  gravity,  and  will  have  6e« 
come  magnetical :  the  sulphur,  water,  faiflammabfe  mattery 
and  carbonic  acid  that  it  ori^nally  contained,  witt  have 
been  dissipated,  and  it  is  now  ready  to  be  smelted. 

The  following  remarks  and  experiments  by  Mr.  Mush- 
et,  throw  great  light  on  the  theory  of  roasting,  or  torre&o- 
tion.  3  Phil.  Mag.  200. 

The  bimiing'  or  torrefying  of  iron-stones,  known  in  the 
large  way  by  tlie  rather  improper  term  dl  calcmatiatfy  con- 
sists in  exposing  the  stone  to  a  certain  d^ree  of  heat  in 
contact  widi  air,  in  order  to  dispel  those  substances  whichr 
it  corCtains,  capal3le  of  assuming  the  aerifcHUi  statie  by  tlie' 
combination  of  caloric.     Thb  operation  ought  to  be  per-^ 
formed  in  a  progressive  heat,  always  short  of  fusion.     Thtf 
wat;er  is  then  slowly  evaporated  witfiout  being  decompo- 
sed ;  the  caloric  unites  to  the  carbonic  acid,  which  soon 
assumes  the  gaseous  state ;  and  lasdy,  the  sulphiu*,  if' 
any,  sublimes. 

This  process  is  essentially  necessary  to  be  perfornied  be- 
fore  the  iron-stone  is  introduced  into  the  blast-furnace. 
Were  raw  iron-stone,  or  ore,  precipitated  in  the  violent 
heat  of  the  smelting-fumace,  the  water  and  acid  would  in- 
stantly be  decomposed ;  the  oxygen  would  partly  unite  to  . 
the  iron  in  addition  to  the  fixed  quantity  peculiar  to  each 
ore,  and  part  of  it  would  oxygenate  thws  sulphur,  either  of 
the  ore,  or  of  die  pit-coal,  a  portion  of  which  is  always 
present  in  the  funmcc.  The  whole  mass  would  then  be 
peecipitatad  in  fusion,  and  a  dark  porous  lava  obtained!. 


/row.  67 

CQDtaining  iron  more  difficult  to  be  revived  tlian  ever, 
owing  to  the  great  quantity  of  oxygen  combined  with  it. 
In  cases  of  this  kind,  the  disengaged  hydrogen  manifests 
its  escape,  by  changing  the  colour  of  the  flame  from  a 
mellow  white  to  a  pale  sickly  blue. 

It  must  from  all  this  appear  obvious,  that,  when  f orre- 
&ction  has  been  properly  conducted,  a  very  considerable 
part  by  weight  of  the  whole  will  be  dissipated :  the  ab- 
sence of  these  volatile  substances  al^i'ays  leaves  the  iron- 
stones more  or  less  magnetic.  Tlie  loss  of  weight,  how* 
ever,  is  very  diflbient  in  the  various  classes  of  iron-stones, 
even  whenth^  are  all  exposed  for  the  same  length  of  time 
to  a  degree  of  heat  capable  of  expelling  those  mixtures, 
wbichy  under  such  circumstances,  assume  the  gaseous 
$tatc. 

1.  Calcareous  iron-stone,  when  properly  exposed  to 
torrefaction,  loses  mote  of  its  weight  than  either  of  the 
other  two  classes.  Where  the  lime  is  abundant,  I  have 
fimndthis  ircn-stooe  lose  38  p&  cent,  but  most  commcxi- 
fy  35  and  36  per  cent,  of  water,  carbonic  acid,  and  sul- 
phur. 

2.  Ai^illaceous  iron-stones,  exposed  to  a  similar  de- 
giee  of  heat,  and  treated  in  the  same  manner,  commonly 
bae  in  weight  from  32  to  35  per  cent. 

3.  Siliceous  iron-stones  always  give  out  less  weight 
when  exposed  to  torrefaction  under  similar  circumstan- 
ces with  other  stones.  In  common  they  lose  from 
27  to  30  per  cent.  I  have,  though  rarely,,  found  them  to 
give  out  25  per  cent.  only. 

The  extreme  loss  of  weight  in  each  class  must  be  coiu 
sidered  as  the  utmost  point  to  which  torrefaction  can  with 
safety  he  urged,  without  exposing  the  iron-stone  to  an  ac- 
cumulation of  weight  by  the  combination  of  oxygen. 

From  the  variously  compoimded  natures  of  iron-stones 
arise  die  various  calculations  of  the  loss  which  they  are  said 
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to  sustain  in  burning  at  different  iron-works.  Fields  of  iron- 
stone are  commonly  impressed  with  a  general  distinguish, 
ing  characteristic  feature  :  some  are  of  the  calcareous  ge- 
nus ;  some  of  the  ai^illaceous ;  and  others  again  have  a 
more  intimate  alliance  with  silex  than  the  former  two. 
Hence  ^ve  find,  at  those  works  where  tlie  chief  supplj-  is 
drawn  from  the  ai^illaccous  iron-stones,  that  thelossintor- 
refaction  on  the  great  scale  is  computed  from  30  to  33 
per  cent.  Where  calcareous  iron-stones  form  the  chief 
supply,  the  loss  is  estimated  at  from  35  to  37  1-2  per 
cent.  Few  or  no  iron-works  are  obliged  to  have  recourse 
to  iron-stones  abounding  with  sand  for  their  chief  con- 
sumption :  a  general  estimation  of  the  loss  sustained  by 
this  stone  in  the  large  way  is  therefore  difficult  to  be  mode, 
though,  I  have  heard,  that  at  some  works  25  per  cent. 
was  all  that  was  allowed  to  be  expelled  during  burning. 
Nature  has  been  extremely  kind  in  the  formation  of  our 
secondary  otcs  of  iron ;  as  the  bulk  of  them,  that  contain 
iron  sufficient  to  entide  them  to  be  smelted,  are  combined 
with  superior  proportions  of  clay  and  lime. 

Aa  the  burning  or  torrefying  of  iron-stones  is  of  ■ 
great  importance  to  the  manufacturer,  and  as  it  may  be 
In  some  respects  gratifying  to  the  man  of  science,  I  shall 
particularly  enter  into  the  various  phenomena  attending 
the  operation;  dividing  torrefaclion  into  two  classes: 
that  which  deprives  iron-stones  of  certain  substances  ca- 
pable of  becoming  aeriform  by  llic  combination  of  caioric 
in  contact  with  atmosplieric  air ;  and  that  which  deprives 
OTes  of  their  oxygen — hence  called  dc -oxygenation — by 
heating  them  in  contact  with  charcoal,  in  closed  vessds»  - 
or  in  cavities  impervious  to  the  external  sot. 

1.  The  consequences  of  heating  iron-stone  exposed  to 
nir  is  a  loss  of  water,  sulphur,  and  carbonic  acid*.     A 

•  I  haTfi  seen  some  iron.atoncs  in  torrefying  deposit  a  bcaitd&X 
Vfd  upon  their  aorfecc,  of  a  lake  colour,  imd  Ught  as  down.  Thi» 
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smaD  proportion  of  oxygen  may  at  times  be  unfixed,  when 
die  fuel  may  chance  to  come  into  contact  with  the  heated 
iroQ^slone  under  a  partial  exclusion  from  air.  But  the  as- 
sociation of  circumstances  necessary  to  effect  this  can  so 
sddom  be  the  e£^t  of  chance,  that  it  is  never  tp  be  look- 
ed for  with  certainty.  When  die  operation  is  jvoperly 
performed,  the  last  pardcle  of  acid  and  water  may  be  ex- 
pdled.  But  this  point  is  difficult  to  be  ascertained  with 
any  d^ree  of  exactitude:  for,  in  proportion  as  these 
gaseous  substances  are  carried  off,  the  metal  becomes 
more  and  more  revived,  of  course  more  and  more  liable  to 
ittract,  and  fix  oxygen  by  the  decomposition  of  the  igiii^ 
ted  gas ;  and,  as  the  last  portions  of  the  acid  and  water  are 
&tilling,  the  stone  is  apt  to  gain  weight  by  the  calcina* 
tion  (oxygenation)  of  its  iron.  Tlus  will  positively  be 
Ae  case  when  the  heat  is  carried  beyond  the  nece^sar}"  de- 
gree, and  is  indicated  by  the  iron-stone  swelling  in  bulk, 
becoming  specifically  lighter  and  porous  on  the  surface, 
but  gaining  weight  in  a  great  degree  internally.  As 
oxygenation  goes  on,  the  magnetic  virtue  decreases,  imtil 
Jk  last  it  becomes  entirely  annihilated. 

The  first  stage  in  torrefaction  b  indicated  by  the  first 
general  change  of  colour  in  the  iron-stone.    This  is  com- 

nme  substance,  I  have  observed,  effloresced  upon  the  surface  of 
the  fracture  of  highly  oxygenated  crude  iron,  which  had  been  bro- 
ken immediately  after  the  metal  had  lost  its  fluidity.  From  tliis 
ooincidence  of  effect,  I  am  inclined  to  suppose,  that  the  oxyd  dc-* 
podted  on  the  iron-stone  in  burning,  is  the  consequence  of  the  de- 
eompofition  of  the  sulphuric  acid ;  a  portion  of  which  had  been 
miiiendiaed  with  the  stone,  holding  iron  in  soluUon :  and  that  in 
the  latter  it  waa  occasioned  by  a  superabundance  of  oxygen  in  tho 
blast-furnace,  probably  from  tho  introduction  of  raw  iron-stone, 
which  had  escaped  the  effects  of  the  fire :  that  the  sulphur,  as  for- 
merly stated,  had  become  oxygenated,  dissoWing  a  portion  of  the 
metal;  which  waa  again  deposited  iu  the  state  of  a  calcined  sul- 
phat,  when  the  acid  was  suffered  to  escape^  by  being  freely  expos- 
id  atahigh degree  of  heattp  open  air« 
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monly  a  faded  blood  colour,  more  or  less  dark  acandixig 
to  die  quantity  of  lime  present. 

I  have  repeatedly  made  use  of  all  the  various  iron- 
stones, in  the  state  of  a  fine  powder,  in  order  to  aaoertain 
what  was  the  weight  lost  by  each  class  in  its  tranafdon 
^m  its  native  hue  to  the  first  stage  of  an  assumed  colour. 
And  I  am  enabled  to  state  the  following  as  an  average  of 
fte  results  obtained  on  this  head :  Calcareous  iron-stones 
give  out  six  parts  in  one  hundred  of  the  raw  mineral; 
argillaceous  iron-stones,  five ;  and  siliceous  iron-stomes, 
four  and  a  half. 

If  the  pulverised  iron-stone  is  thrown  into  a  vessel  red 
hot,  this  loss  will  be  e&cted  in  tu'o  minutes.  Thechange 
of  colour  is  immediately  effected  on  those  parts  in  contact 
with  the  heated  mxi.  The  whole  is  brought  into  contact 
widi  it ;  and  when  thrown  out,  the  magnet  will  be  found 
to  have  acquired  a  perceptible  influence  over  it.  When 
the  powder  is  first  thrown  in,  a  alight  decripitating  noise 
is  heard  for  a  few  seconds.  This  operati(Hi  may  also 
serve  to  shew  the  presence  of  sulphur,  car  of  its  acid. 
When  in  the  former  state  it  instantly  takes  fire,  and  buns 
witha  dark  lambent  flame.  When  the  acid  is  present,  it 
is  easily  known  by  the  suffocating  fumes  disengaged  by 
the  action  of  heat. 

The  application  of  heat  bej'ond  the  first  stage  of  colour, 
causes  the  iron-stone  to  pass  through  a  variety  of  shades. 
These,  as  in  metallic  substances,  are  the  e&cts  of  the  pre- 
sence of  air  at  certain  degrees  of  heat^.  As  the  progres- 
sive dissipation  of  the  volatile  mixtures  takes  effect,  the 
colour  deepens ;  and,  according  to  the  nature  of  the  iron- 

*  From  smooth-surfaced  iron-stones  and  ores,  when  exposed  to 
heat  partially  sheltered  by  charcoal  dust  from  the  action  of  air,  I 
have  obtsdned  all  the  shades  of  colour  peculiar  to  polished  iron  and 
steel ;  but  with  less  of  the  metallic  lustre,  owmg  to  the  surfSM^e  be- 
ing more  porous. 
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stone;  beecMifs  fixed,  of  a  broi^,  dark  farcrcm,  or  deqi 
claret  colour.  These  incJUcate  the  almost  entire  expulsion 
of  the  water,  acid,  &c.  In  this  state,  all  iron-stones  are 
posessed  of  magnetic  attraction,  and  exhibit  the  various 
phenomena  already  described,  as  being  peculiar  to  their 
Kspective  natures. 

The  methods  commonly  in  use  fortorrefying  iron-^stone, 
in  the  large  way,  are  of  t>vo  (Uflbient  kinds :  that  of  burn- 
ing iti  kilns  or  conical  furnaces ;  and  that  of  exposing 
iron-stone  in  open  air,  stratified  with  coals,  to  combus- 
tion. The  former  is  used  in  some  places  in  Wales ; 
the  latter  is  almost  universally  adopted  in  England,  and 
tofaOy  so  in  Scotland. 

In  the  oi^eration  with  furnaces,  they  become  filled  en- 
tirely with  iron-stone,  except  a  stratum  of  coals  in  the  bot- 
tom, which  is  afterwards  inflamed.  The  combustion  is 
then  carried  on  by  means  of  a  current  of  air  passing 
through  the  fiimace,  and  forcmg  the  heat  along  with  it. 
Wien  the  iron-stone  is  deemed  sufiiciently  burnt,  the  re- 
^ster  is  shut  up ;  and  the  combustion,  no  longer  main- 
tained by  means  of  external  air,  soon  dies  away,  and  leaves 
the  furnace  to  cool. 

The  most  common  method,  however,  of  burning  iron- 
stones consists  in  levelling  a  piece  of  ground,  and  coverinc;^ 
it  with  a  layer  of  small  pit-coals.  This  is  of  various  thick- 
nesses, 4,  6,  or  8  inches,  according  to  die  height  the  pile 
is  to  be  built,  and  the  nature  of  the  iron-stone.  Upon 
this  sti'atum  of  coals  the  pieces  of  iron-stone  arc  imbed- 
ded, as  near  to  the  same  size  as  possible,  in  order  that  all 
may  be  equally  acted  upon.  These  arc  reared  to  various 
heights,  18,  20  to  24  inches,  the  determination  of  its 
height  depending  upon  circumstances.  The  surface  is  a 
second  time  levelled,  by  introducing  small  pieces  of  iron- 
stone betwixt  the  interestices  occasioned  by  tlie  angles  of 
the  larger.     This  again  receives  a  covering  of  small  coals. 
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seldom  exceeding  2  inches  in  thickness.  Upon  this  is 
reared  the  subsequent  building,  always  gradually  narrow- 
ing Itself  till  it  lias  assumed  the  shape  of  a  stout  wedge, 
with  its  base  resting  upon  the  ground.  After  this  is  ef- 
fected, the  ^vholc  of  the  external  surface  receives  a  com- 
plete covering  of  the  smallest  sort  of  coals.  The  pile  is 
kindled  by  applying  burning  coals  to  the  ground  stratum. 
This  creeps  slowly  along ;  heats  the  stone  upwards ;  kin- 
dles the  second  layer  of  small  coals,  and  ultimately  inBames 
the  whole  mass  from  top  to  bottom. 

When  die  coals  are  consumed,  the  pile  gradually  cools, 
and  in  8  or  10  days  may  be  wheeled  away  to  the  furnace. 

The  quantity  of  iron-stone  burnt  at  one  time  is  various 
at  different  and  even  at  the  same  places ;  some  kbds  re- 
quire to  be  burnt  in  smaller  heaps,  owing  to  their  nature 
and  fusibility.  At  some  works  the  fires  extend  itora  50 
to  60  yards ;  and  it  is  not  uncommon  to  see  skilful  wcffk- 
men,  at  one  end,  adding  fresh  materials  to  the  burning 
pile;  while  others,  at  the  opposite  end,  are  employed 
wheeling  away  that  which  the  fire  has  left  sufficiently 
burned  for  the  purpose  of  the  furnace.  Fires  that  extend 
from  30  to  60  feet  in  length  are  more  common  ;  from  10 
to  16  feet  wide,  and  about  5  feet  high. 

At  most  iron-works  a  local  opinion  exists,  to  what  de- 
gree of  heat  iron-stone  ought  to  be  exposed  before  it  is 
properly  fit  for  the  blast-furnace.  Ail,  however,  agree  thai 
bumbtg  is  necessary  ;  though  few  give  an  accurate  rea- 
son why.  The  only  one  I  ha^e  heard  adduced  is,  that 
iron-stone  is  calcined  in  order  to  bum  out  the  sulphur  and 
other  heterogeneous  mixtures.  Hence  arise  a  diversity  of 
opinions,  chiefly  founded  upon  individual  notions  of  tlic 
fixity  or  volatility  of  sulphur.  Some  contend  that  sul- 
phur is  easily  displaced,  and  that  therefore  the  iron-stone 
should  be  moderately  calcined;  lest  the  sulphur  from  the  . 
used  in  burning  it  should  enter,  and  again  hi^HMH 


iron.  On  the  other  hand,  it  is  said  that 
julphur  is  of  difficult  expulsion  from  the  centre  of  the 
stone,  as  it  is  never  seen  going  off  till  a  bright  fed  heat 
foreibly  expels  it ;  and  therefore  it  is  highly  requisite  the 
iron-stone  should  be  long  and  violently  exposed  till  the 
last  portion  is  got  rid  of.  To  effect  this,  therefore,  the  heat, 
say  the)-,  ought  to  be  ui^ed  till  such  time  as  the  stone  has 
indicated  signs  of  fusion,  or  has  partially  suffered  thereby. 
In  order  to  give  strength  to  this  opbiion,  those  who  adopt 
il  add,  that,  by  such  severe  calcination,  the  volume  of 
stoije  is  reduced,  becomes  heavier,  and  that  it  will  conse- 
quently occupy  less  room  in  the  blast-furnace ;  of  course 
h  itiimapned  that,  bulk  for  bulk,  the  iron-stone  becomes 
richer  in  iron  than  when  in  a  raw  state. 

Those  who  are  acquainted  with  die  oxydation  of  mc 
tals,  and  the  consequent  increase  of  weight,  will  at  once 
discover  the  source  of  this  error,  and  readily  conceive, 
that,  after  the  metal  in  the  iron-stone  has  become  partially 
disengaged  by  the  expulsion  of  water,  carbon  acid,  sul- 
phur, &c.  forming  frequently  a  third  part  of  the  whole 
ti-eiglit,  it  will  become  an  object  of  attack  to  the  oxygen 
of  the  atmospheric  air,  the  combination  of  wWch  with 
the  iron,  alone  adds  to  the  actual  increase  of  weight,  and 
not  the  transposition  of  the  particles  of  metal  from  one 
piece  of  iron-stone  to  another.  It  must  also  be  obvious 
tiiat,  witere  such  fallacious  prejudices  have  taken  root,  the 
cons^uences  must  frequently  be  fatal  to  the  interests  of 
tlie  manufacturer ;  as  such  iron-stones,  literally  calcined, 
must  require  an  additional  portion  of  fuel  to  furnish  carbon 
to  canry  off  the  superadded  oxygen. 

It  is  somewhat  remarkable  that  the  phenomena  attend- 
ing the  oxydation  of  iron  should  be  entirely  tmknown  at 
iron  manufactories.     Such  a  process  is  never  dreamt  o^ 
and  even  the  declaimers  against  severe  torrefaction 
account  for  the  increase  of  weight,  by  ossetting  that 
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earthy  parts  are  burnt  out  and  nearly  consumed,  andtliaC 
the  metellic  parts  only  remain,  destroyed  however  in  thdr 
nature  and  reduced  to  a  cinder. 

We  are  not  to  wonder,  therefore,  at  the  uncertain  le*^ 
suits  which  the  untutored  manufacturer  obtains,  until  such^j^ 
time  as  a  long  course  of  experience  has  taught  him,  thaftp 
by  combining  certain  causes,  good  or  bad  e&cts  aie  the 
consequence.  Even  at  last  he  still  rests  up(m  an  unstable 
basb ;  destitute  of  the  csorrect  operation  of  princijde,  and 
incapable  of  preventing  an  evil  from  a  total  ignorance  of 
its  real  source  of  action,  he  can  only  in  the  end  avoid  it 
after  a  multiplicit}''  of  movements,  wherein  he  finds  hU 
practical  knowledge  increased  at  the  expence  tX  a  consi* 
dcrable  sacrifice  of  property. 

How  much  more  enlightened  would  be  the  mind  of  the 
manu&cturer,  were  he  to  attend  minutely  to  the  pheno« 
mena  developed  in  all  the  stages  of  his  process,  and  satis- 
fy himself  as  to  the  radical  principles  of  action  in  each  in- 
dividual stage !  In  doing  this,  chemical  minuteness,  the 
terror  and  butt  of  the  unphilosophised  mind,  is  not  abso- 
lutely indisj^ensible ;  and  yet  cvtry  tiling  may  be  ascer* 
tained  necessary  to  be  known  for  the  production  of  certam 
determinate  qualities  of  crude  iron. 

He  would  then  easily  comprehend  that  all  iron-stones 
contain  less  or  more  water  of  crystallisation,  and  that,  be- 
ing combined  with  a  certain  propcntion  of  lime  neutralised 
with  carbonic  acid,  it  is  necessary  that  they  be  exposed  to 
a  heat  sufficient  to  expel  the  first  and  last  of  these  as  well 
as  sulphur.  The  reason  has  already  been  given,  and  the 
consequence  shall  be  once  more  stated.  The  evil  effects 
produced  by  introducing  raw  iron-stones  into  the  blast- 
furnace, are  less  owing  to  the  small  portion  of  sulphur 
contained  in  most  of  them,  especially  in  balls,  (the  va* 
pours  of  which  arise  even  from  the  softest  crude 
iron  when  fluid,)  than  to  the  decomposition  of  water  and 
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acidsi  each  of  which  gives  up  a  proi>ortion  of  oxygen  to 
die  metal  chiefly  before  separation  is  effected. 
Does  it  not  then  unquestionably  follow,  that  if  the  quan- 
*\  tky  of  charcoal  in  the  furnace  formerly  was  sufficient  to 
■iy  fake  up  the  oxygen  existing  in  the  ore,  and  to  affiDrd  car- 
bonated crudc-irdn,  that  if  a  further  quantity  of  this 
principle  b  added,  by  whatever  means,  piart  of  the  char- 
coal which  formerly  went  to  carbonate  the  iron  now  com- 
bines with  the  superadded  oxygai  to  form  carbonic  acid ; 
of  course  the  metal  will  be  deprived  of  its  carbon,  become 
white  in  the  fracture,  and  may  then  justly  be  denominated 
oxygenated  crude-iron.  The  same  application  to  princi- 
pk  would  also  inform  the  merely  practical  man,  that 
when  iron-stone  is  completely  deprived  of  those  substan- 
ces which  assume  the  gaseous  state  by  the  combination 
of  caloric  at  a  moderate  temperature,  it  is  then  sufficiently 
prepared  for  the  furnace.  This  is  always  indicated  by 
the  colour  which  the  stone  assumes  varying  from  a  brown 
to  a  dark  claret.  Blues  always  succeed  this  shade ;  and 
the  smallest  appearance  of  blue,  however  light,  is  a  cer- 
tsdn  sign  that  the  external  air  has  made  an  impression  up. 
on  the  particles  of  metal,  by  superoxygenating  them.  In- 
stead therefore  of  expelling  a  further  quantity  of  Iteteroge- 
fieotis  matter,  a  principle  is  added  the  most  noxious  and 
destructive  to  the  existence  of  iron  in  a  metallic  form. 

The  phenomenon  of  iron-stone  becoming  heavier  in  die 
fire,  would  ho  longer  be  explained  by  assuming  vague  as- 
sertions incompatible  with  and  inadmissible  to  com- 
mon sense.  Upon  finding  two  pieces  of  iron-stone  in  the 
same  fire,  which  have  to  appearance  been  afiected  in  a 
widely  diffi^rent  manner  by  the  heat ;  the  one  heavy,  of  a 
black  blueish  colour ;  the  other  light  and  porous :  die 
practical  man  would  now  no  lor^er  say  that  the  metal  from 
the  porous  piece  had  escaped  by  these  pores,  and  entered 
into  the  ponderous  one ;  and  that  the  accumulation  of 
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weight  in  the  latter  was  entirely  owing  to  it  abstracting 
the  metal  -from  the  former.  Widely  different  indeed 
would  be  the  conclusion.  He  now  would  have  learned  * 
Aat  metals  are  combustible  bodies ;  that  under  certaia  ;j 
circumstances  ircxi  is  one  of  the  most  inflanmiable  in  the  %f 
group ;  tiiat,  during  its  combustion^  it  decomposes  the 
air  that  muntains  the  combustion,  and  fixes  (me  of  its  de* 
ments  in  spite  of  the  powerful  affinity  exerted  upon  it  by 
the  caloric ;  and  that  by  thb  process  alcme  it  increases  its 
volume  and  weight  The  porous  mass  of  iron-stone 
would  now  be  described  as  haying  had  its  iron  complete- 
ly saturated  with  oxygen  at  a  very  high  tepiperatui^e  i 
that  an  imperfect  state  of  fusion  had  been  the  GCHisequence ; 
and  that  a  ccmibination  of  these  circumstances,  acting  for 
a  conuderable  length  of  time^had  volatilised  and  earned 
off  a  very  con^demble  portion  of  the  metal. 

On  the  same  principle  would  be  explained  the  increase 
of  weight  in  the  more  ponderous  piece ;  it  would  then 
reacUly  be  conceived,  that  the  same  association  of  circum* 
stances  had  not  been  present ;  but  that  the  iron  had  gain* 
ed  in  weight  by  the  ad^tion  of  oxygen  at  a  temperature 
short  of  fusing  and  volatilising  tiie  oxyd. 

Having  in  the  former  part  of  tiiis  paper  stated  the  ave- 
rse loss  which  the  various  natures  of  iron-stones  sus- 
tain when  exposed  to  torre&cticm  in  external  air,  I  shall 
now  simply  state  the  quantity  of  oxygen  which  the  various 
classes  are  apt  to  imbibe  when  exposed  to  a  high  tempe- 
rature,  after  those  volatile  mixtures  capable  of  assumii^ 
the  gaseous  state  by  the  combination  of  paloric  have  been 
expelled* 

The  facility  with  which  iron«stones  become  oxydated 
is  entirely  dq)endent  upon  the  nature  of  the  mixture  con-v 
stituting  fusibility  or  otherwise :  so  that  were  argillaceous, 
calcareous,  and  siliceous  iron.stones,  previously  de.oxy«< 
genated,  exposed  to  the  same  d^ree  of  heat — a  degree 
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fqiabfe  of  oxydatii^  thdr  iron — die  result  would  b^ 
Ihat  die  quami^  of  oxjrgen  combined  would  be  in  a  rela* 
five  proporAm  to  the  fiisibiKQr  of  the  mixtures,  for  a  de* 
lanniiiate  space  of  time.  The  argillaceous  ircm-stone 
^would  be  found  in  a  given  time  to  have  gsdned  lea^t ;  the 
calcareous  a  larger  portion ;  wl^  die  ^oeous,  OHitain- 
ing  an  assemblage  of  ndxture  fusible  at  a  dj^;ree  of  heat 
in  which  the  former  would  renuun  unchanged,  will  be 
Ibund  to  have  gained  die  greatest  weight ;  but  if  expose^ 
to  an  high  temperature  for  a  sufficient  length  of  time,  the 
oxygen  absoibed  iirin  be  in  an  exact  propcrtioii  to  the  irai^ 
oontained  in  the  stone ;  only,  die  uliceous  iron-stones  ar« 
live  soonest  at  a  lug^  pitch  of  coiofiination.  Inthecourse 
of  many  expeiimeats  I  have  found  the  following  proper* 
fions  to  be  nearly  just,  when  the  <]uanlity  of  iron  contain* 
cd  in  the  respective  stones  was  nearly  analogous. 

Af^illaoeous  iron-stone,  which  has  jridded  me  38  per 
cent  in  the  assay-fomace,  first  distilled  and  afterwards 
carefutty  de-oxygenated,  mcreased  in  wdght,  during  an 
exposure  to  ignited  gas  for  8  hours  in  the  bottom  of  a 
deep  crucible,  22  per  cent 

CMcarepus  iron-stone,  which  afforded  a  similar  quantity 
of  metal,  and  which  was  subjected  to  the  same  train  of  pre- 
pamtion,  to  dispel  its  volatile  mixtures,  and  unfi:^  it^  oxy« 
gen,  gained  in  weight  nearly  23  per  cent 

Siliceous  iron-stones,  containing  firom  36*to  38  parts 
cf  iron  in  100,  treated  m  the  same  manner,  afforded  me  in* 
ttances  of  an  accumulation  of  weight  equal  to  24  to  25 
percent 

In  order  more  particularly  to  illustrate  the  double  phe- 
nomenon of  ironi-stones  ^t  losing  and  then  gaining 
weight,  I  shall  insert  the  treatment  of  one  particular  stoi^ 
of  each  class;  fix)mwhicha  positive  judgment  may  be 
formed  ctf  the  general  c^p^ration,  and  results,  peculiar  to 
cuch. 
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1.  There  were  introduced  into  an  iron  test, some  pitr 
ces  oi argillaceous  iron-stones,  weighing      .       1750  gra. 

After  being  exposed  to  a  bright  red  heat  for  8   ,^ 
hours,  and  then  allowed  to  cool,   they  weighed  1 160 

Lost  in  simple  distillation         •         -         -     590  gr& 

Equal  to  33*6  per  cent.  Specific  gravity  in  this 
state  2,52150- 

The  stone  had  now  assumed  a  claret  colour,  and  was 
possessed  of  regular  internal  fibres,  adhesive  to  the  tongue, 
obedient  to  the  magnet,  and  exhibiting  every  property  pe- 
culiar to  excellent  iron-stone. 

I  returned  the  residue,  which,  asabove,  weighed  llGOgrsu 
and  exposed  it  in  an  open  crucible  for  4  hours 
to  an  increasing  heat  till  a  slight  degree  of  fusion 
was  perceived  to  take  place.  This  was  indicated 
by  the  angles  of  the  pieces  becoming  rounded, 
and  swelling  a  little  in  bulk — When  cool  they 
were  found  slightly  porous,  and  weighed    -       1309 

Increased  m  weight  by  the  combination  of  "^^ 
oxygen  .....    149^. 

Equal  to  12.8  per  cent-  Specific  gravity  in  this  state 
3-3636. 

The  fi^cture  of  the  pieces  now  wore  a  semi-vitrified 
appearance,  of  a  dark  blue  colour,  inadhesive  to  the 
tongue,  unmagnetic,  but  much  more  metallic  and  pon^ 
derous. 

A  calcareous  iix^n-stone  treatedafter  the  same  manner, 
of  which  I  also  used  small  pieces,  weighing         1750  grs, 
which  had  yielded  a  similar  product  in  iron  in 
the  assay.fumace  with  the  former,  when  cool 
weighed        -  .  -  -         -     1090 
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cent-  -  -  .  ,  -    660  grs.. 
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The  fracture  oi  thb  iron-stone  was  now  of  a  bright 
bfown  colour,  streaked  with  lime,  faintly  marked  with  in- 
leroal  fibre,  less  tenacious  to  the  tongue  than  the  for« 
mer  class,  but  equally  obedient  to  the  magnet 

The  resddue,  weighing  as  above        -      .     1090  grs^ 
was  returned  to  the  furnace,  and  exposed  in  the 
bottom  of  a  deep  crucible,  till  such  time  as  a 
dgbt  indication  of  fusion  was  observed ;  when 
cooled,  the  pieces  weighed        ...    1235 

Gained  in  weight  by  the  fixation  of  oxygen 
equal  to  13*3  per  cent.         -  -         -  145  grs. 

In  its  present  state  this  iron-stone,  in  point  of  colour, 
resembled  the  former. 

Its  fiacture,  however,  was  smoother,  and  more  vitrified, 
equally  destitute  of  tenacity  to  the  tongue,  and  obedience 
to  the  magnet. 

3.  An  iron-stone,  which  contained  a  proportion  of  silwe- 
(m  sandj  was  exposed  under  similar  circumstances  to  tlie 
same  degree  of  heat — quantity  used  1750  grs. 

When  properly  torrefied,  weighed        -         1248 

Lost  in  simple  distillation  equal  to  28*6  per 
cent  -  -  .  -  502  grs. 

The  appearance  which  this  stone  had  assumed  was  of  a 
reddish,  small,  granulated  fi^cture,  considerably  magne- 
tic, but  scarcely  possessing  any  degree  of  adhesion  to  the 
tongue. 

The  residue,  weighing  as  above  -         1248  grsf. 

was  exposed  to  an  equal  degree  of  heat  with 
die  former  classes,  by  which  the  stone  suffered 
throughout  a  slight  degree  of  fusion— -when 
cool,  the  connected  mass  weighed        -  1431 

Gained  in  weight  by  tlie  combination  of  oxy- 
gen equal  to  14-6  ^         •  -  183 
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The  colour  of  the  stone  was  now  changed  to  "a 
Vitrescent,  slightly  porous  mass,  hard  and  refractor^-.  I 
have  not  given  die  specific  gravities  of  the  two  last  natures 
of  stones  :  iron-stones  containing  equal  portions  of  iron, 
in  amilar  states  of  preparadon,  varj-  little  in  their  specific 
gravities. 

It  will  no  doubt  be  bbser\-ed,  that  the  increase  of 
weight  in  these  statements  tally  not  widi  the  sums  former- 
ly given ;  the  amounts  diere  adduced  are  results  firom 
iron-stones  which  had  been  previously  deprived  of  most 
of  their  oxygen ;  but  in  diesc,  die  extrt  quantity  of  oxy- 
gen taken  up  by  the  stone  is  only  gi^en,  forming  an  ag- 
gregate, with  the  original  existing  quantity,  as  shall  here, 
after  be  sho^vn,  nearly  corresponding  to  the  sums  first 
given.  From  these  experiments,  singled  out  to  convey 
a  just  idea  of  the  changes  to  which  iron  stone  may  be  sub- 
jected, it  becomes  obvious,  that  all  die  varieties  of  iron- 
stone are  capable  of  decomposing  atmospheric  air  at  a  cer- 
tain temperature,  and  of  fixing  a  portion  of  its  osygeiv 
whereby  weight  is  gairied,  by  each,  nearly  equal  to  one- 
eighth  of  hs  original  quantity. 

It  must  also  from  this  appear  obvious,  that  the  burning 
of  iron-stone  is  an  operation — though  hitherto  conducted 
by  chance,  exposed  to  all  weathers — of  the  greatest  nice- 
tj',  and  consequence,  to  the  certain  and  economical  manu- 
facture of  cast-iron ;  wherein  a  small  addition  of  fuel,  by 
exciting  a  high  temperature,  exposes  the  iron  to  the  com' 
bination  of  a  hurtful  principle,  in  quantity  (as  will  hereaf- 
ter be  shown)  almost  equal  to  what  the  metal  was  original- 
ly precipitated  in.  The  extra  proportion  of  fuel,  therefore, 
requisite  under  circumstances  where  a  severe  mode  of  tor- 
refiiction  is  either  universally  adopted,  or  where  it  is  fre- 
quently the  result  of  inattention  and  want  of  skill,  thou^ 
as  yet  unascertained  upon  a  large  scale,  must  be  very  coo- 
sidcntble. 
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tlook  upon  it  diefefoie  to  be  a  great  de^deratum  in  the 
|tftq>aration  of  inm^stone,  toccmtrive  a  mode  which  would 
unite  certainty  and  economy ;  a  mode  which  would  either 
de-oxygenate  the  ore  Unexposed  to  external  air^  or  which 
would  dissipate  its  vdatile  mixtures  exposed  to  air,  with 
a  degree  of  certainty  which^  with  a  sm^  share  of  atten* 
tioQ,  would  preclude  the  possibili^  of  the  metal  attract* 
11^  more  oxygen» 

In  the  present  mode  of  preparing  iron-stones^  tdbmuch 
IS  left  to  chance  and  the  discreticm  of  subordinate  work- 
men. The  surface  of  the  piles,  being  always  in  contact 
with  the  open  air,  is  frequently  exposed  to  perforati<Mi8 
firom  winds,  especially  in  those  parts  where  the  layer  of  ig-^ 
luted  coals  comes  in  contact  with  the  current :  a  hollow 
qpace  is  soon  formed ;  the  fuel,  by  means  of  the  fresh  air 
continually  pouring  in,  becomes  ignited  to  whiteness ;  the 
suiTOunding  stone  is  immediately  fused :  should  this  aper« 
tore  be  joined  by  a  similar  communication  from  opposite 
sides  of  the  fire,  a  degree  of  heat  will  be  excited  beyond 
v/beX  could  have  been  conceived  possible  in  this  mode  of 
burning,  and  oxygen  be  combined  with  a  mass  of  stone 
in  such  an  high  proportion  as  to  form  a  very  considerable 
part  of  the  whole  weight.  This  is  an  accident  which  will 
take  place  even  where  order,  regularity  and  experience  are 
C(Mispicuous ;  were  it  possible  to  avoid  it  by  torrefying 
the  iron-stone  in  that  just  temperature  which  has  been 
formerly  demonstrated  as  the  most  proper,  uniting  at  the 
same  time  an  equal  degree  of  economy,  it  would  contri- 
bute greatly  to  reduce  to  certainty  and  rule  the  operations 
of  the  smelting-fumace. 

The  extreme  of  fusing  the  materials  and  combining  tliQ 
iron  with  an  extra  portion  of  oxygen,  is  not  the  only  evil 
which  an  accurate  mode  of  torrefaction  would  avoid :  the 
same  train  of  casualty  often  affords  a  considerabfe  portion 
of  die  stone  not  enough  prepared,  and  some  quite  un* 

L 


6fi  Iron* 

touched  by  the  fire.  Tlie  tSsc\s  produced  by  mm-stone 
in  h  s  state  are  exacdy  similar  to  those  experienced  in  the 
former^  ariung  from  the  same  cause^  but  existing  as  the 
result  of  two  opposite  extremes. 

I  confess  it  is  much  easier  to  point  out  the  &uhs  of  an 
established  mode  of  practice,  than  to  subsdtute  one,  which^ 
though  it  might  unite  some  superior  advantages,  yet 
might  not  combine  an  equal  number  upon  an  extended 
scale.  I  have  frequently  considered  die  subject,  and 
have  as  often  been  impressed  with  the  truth  of  its  impor- 
tance in  the  manufacturing  of  iron.  At  some  future  period 
I  may  submit  to  the  manufacturers  of  iron  a  double  me« 
thod  of  preparing  iron*>stones  for  the  blast-fbmace ;  in 
which,  certainty  of  operation  would  be  obtained,  and  in 
the  end  most  probably  a  degree  of  economy  insured  equal 
to  ihslt  of  the  jxesent  mode. 

I  would  etkct  this  by  exposing  the  iron-stone  stratified 
with  a  small  proportion  of  coals,  in  simply  constructed 
ovens,  entirely  covered  on  the  top,  except  a  few  smafl 
fumiels  to  carry  off  the  smoke  and  disengaged  vsqiours ; 
the  ignition  to  be  occasioned  by  a  current  of  flame  passfaig 
under  a  flue  in  the  bottom  of  the  furnace,  and  convc3rii^ 
combustion  to  the  sub-stratilied  coals.  As  this  opera* 
tion  could  be  conducted  to  a  physical  certainty  by  means 
of  damping  the  furnace  instantaneously,  as  soon  as  die  va* 
pour,  &c.  had  ceased,  or  as  soon  as  complete  ignition  had 
pervaded  the  contents,  (the  duration  to  be  determined  bjr 
the  nature  of  the  iron-stone,)  the  results  in  this  case  could 
at  all  times  be  depended  upon,  and  the  present  irregular 
products  avoided.  A  second  method  of  depriving  iron* 
itenes  of  their  volatile  mixtures  would  be  to  expose  them 
to  a  ccxisiderable  degree  of  heat,  in  contact  with  Ae  dust  of 
ph^codteoaks — as  being  the  most  economical — shut  up 
fix>m  thfe  admission  of  external  air.  This  would  not  onl^ 
dqrive  tfaem  of  Aeir  acid  water,  &c.  but  would  also  un- 
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fii:  most  of  the  oxygen  combined  with  the  metal,  and  af* 
fxd  the  kon  nearly  in  «  disengaged  state.  Both  these 
laelbods,  however,  at  the  present  time,  want  the  sanction 
of  a]^)roving  {Miactice,  on  an  extensive  scale,  to  render 
diem  useful,  or  worthy  of  universal  attention,* 

l^-fixtfgenatim  of  Iran-stones.  This  process  has 
been  long  i(i;nown  in  part^  and  its  principles  (so  far  as  un- 
dansixx}d)  applied  by  the  metallurgist  to  deprive  the  ore, 
aubgected  to  the  assay-furnace,  of  its  oxygen,  in  order 
^^  the  inetal  might  become  irevived.  Its  <^)eration  is 
however  mud)  mort  exten^ve  than  what  has  hitherto 
been  conceived ;  ^d  its  resiults  afford  die  most  beautiful 
ind  interesting  phenomena  known  in  the  art  of  manu&c* 
tiffing  iron^ 

J>6*oxygenation  \i^  the  case  of  iron-stones  wiH  admit  of 
htix^  dividfd  into  three  disdnct  stages,  all  of  which  tend 
tp  the  same  final  result. 

.  1.  "Hiat  wherein  iroA-^^one  is  found  to  have  lost  its  wa- 
ter of  crystallisation  and  continuity  of.  fracture ;  to  luive 
assumed  a  gre^^ish  Avhite  colour,  soft  and  pulverulent ; 
and  greatiy  specifically  lighter  than  formerly,  having  lost 
from  2-5ths  to  9-20ths  of  its  original  weight* 

52.  That  stage  wherein  the  pieces  have  assumed  th^  state 
of  malkabili^,  and  have  ag^  become  firm  and  connect- 
ed;  wherein  they  tH^ighten  under  the  file;  and,  when 
subjected  to  the  hammer,  under  various  degrees  of  heat, 
receive  impressions  at  pleasure,  and  dfaw  into  shape.. 

3.  That  stage  whqfein,  by  prolonging  cementation,  the 
jMeoes  of  iron-stoiie  are  found  to  have  passed  into  the  state 
of  steel ;  posses^ng  all  its  properties,  though  difficult  to 
separate  firom  the  eardiy  parts,  and  preserve  its  quality ; 
but  which  may  be  precipitated  firom  the  steelified  act  by 
ibi^on,  in  the  state  of  cast-steel,  by  means  of  th(9  assay* 
fiunace. 


plan  hadbeenadopted,  and  Jar§  ha»  given  a  plate  of  the 
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These  three  distinct  stages  of  de-oxygenation  are  pro* 
duccd  by  a  continuation  of  the  same  cause  to  M'hich  all 
iron-stones  may  at  pleasure  be  subjected.  With  primary 
OKs,  riolier  in  iron,  the  results  are  more  certain,  ponder- 
ous, and  much  belttT  stiited  to  operate  upon,  for  ihe  pro- 
duction  of  fjood  mallciible  iron  and  steel :  these  are  al- 
most tiniversiilly  aipjble  of  bcin^  de-o  ygenatcd,  for  the 
production  of  both  these  modifications  of  the  metal.  I 
have  met  with  no  exception,  indeed,  but  in  the  case  of  a 
fciv  granulated  Norwegian  ores,  a  blue  speckled  Danish 
ore,  a  few  Russian  bog  ores,  and  the  Scotch  ore  of  the 
island  of  Islay. 

In  the  present  paper  I  skill  confine  myself  to  a  minute 
detail  of  the  first  stage  of  de-ox  ygcnation ;  the  second 
and  diird  stages,  as  they  more  immediately  belong  to  Ac 
manufacture  of  iron  and  steel,  shall  be  fully  considered  in 
connection  with  this  curious  mode  of  manufacturing  these 
states  of  the  metal  from  ores  without  fusion,  which,  from 
its  novelty  and  simplicity,  deser^'cs  a  thorough  investiga- 
tion  of  operation  and  principle. 

Dc- oxygenation,  by  roasting,  simply  consists  in  expos- 
ing iron-stone  or  ore,  stratified  with  coaly  matter,  such  as- 
the  dust  of  pit-coal  coaks,  or  the  charcoal  of  wooA  unex- 
posed to  air,  at  a  high  temperature.  The  oxygen  con- 
tained in  the  ore  is  taken  up  by  the  charcoal,  and  passed 
off  in  the  state  of  carbonic  acid  ;  while  the  water,  carbo- 
nic acid,  &c.  is  evaporated  by  the  heat.  In  proportiOT 
as  the  ore  becomes  cleared  fi-om  these  mixtures,  the  me- 
tal becomes  more  and  more  rcvi\-ed,  approaching  however 
to  the  state  of  malleable  iron,  though  still  interspersed  with 
the  original  quantity  of  eartliy  parts  united  in  die  stone. 
By  increasing  die  teippcrature,  and  continuing  its  dura- 
tion, the  particles  of  iron  unite,  and  form  themselves  into 
fibres,  which  even  when  cold,  may  be  twisted  and  bent  a 
little  t  staUhowever  having  the  raiginal  quantity  of  earthy 
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pSfiilteralmostinvisiblymteqwsecl  betwixt  their  interstices. 
If  the  heat  is  urged  still  further,  the  iron,  now  malleable, 
be^ns  to  take  up  a  portion  of  the  carbon  from  the  charcoal, 
and  the  metal  then  commences  its  change  toward  steel. 

During  any  part  of  llie  process,  should  air  come  in 
contact  willi  the  ore,  by  pi'c\'iously  dcsnoying  the  siir- 
rounding  charcoal,  an  immediate  osydation  of  the  iron 
takes  effect,  proportioned  in  its  increase  of  weight  to  tlje 
stage  of  the  oijeration  at  which  it  is  effected.  The  ore  has 
thai  passed  into  a  friable,  bulky,  ;\nd  unmclallic  slate. 

in  de-oxygeaiting  iron-stones,  with  an  intention  of  dis- 
covering and  of  establisliiiig  an  analog)'  as  to  the  quan- 
tiqr  of  o:ygen  contained  in  Uic  respective  classes  of  stones, 
I  was  frcquenUy  led  to  conclude,  that  argillaceous  and 
calcareous  iron-stones  contained  less  oxygen  than  iron- 
stones where  a  greater  proportion  of  silex  predominated. 
Though  by  far  the  greaternumberof  experiments  per- 
fcrmed  on  this  subject  were  in  favour  of  such  an  infer- 
Oice,  yet  I  have  at  times  experienced  my  arrangement 
pdpably  contradicted,  without  be'mg  able  to  solve  the 
obtruding  difficulty.  I  shall  not  however  despair,  in  most 
cases,  to  reduce  to  certain  invariable  inherent  properties, 
and  external  characteristic  forms,  the  v;irious  iron-stones 
in  Ae  maimer  in  ^vhich  I  have  arranged  them,  and  conso- 
nant  to  the  results  obtained  from  them  in  the  process  of 
manuiacture.  The  utility  of  such  an  arrangement,  found- 
ed upon  experiment,  must  be  obvious  and  striking :  it 
will  give  certainty  and  value  to  the  various  products  of  the 
manulacturer,  as  it  will  in  the  end  sj'stcmatizethe  manu- 
facture Itself,  and  reduce  it  to  rules  guided  by  principle,  and 
not  by  the  aberration  of  a  false  or  misinformed  judgment. 

From  many  experiments  I  have  made  with  all  the  va- 
rieties of  iron-stones  found  in  tliis  countrj',  I  shall  sub- 
join the  treatment  of  one  of  each  class,  highly  marked 
with  the  predominating  earths,  that  an  accurate  opinion 
may  be  formed  of  the  phenomena  e.^hibited  in  this  part 
^;Bf  the  pTDcesst  ^^H 
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L  lusedafine  orjft/!lbc^of<^ inm-stonei in  smafl pm^ 
weighing        ...  ,        .  17^0  gn. 

After  a  prq>er  disdllation  of  8  hours  in  a  de- 
gree of  heat  equal  to  30^  of  Wedgewood*,  I 
obtained  a  fine  purple-coloured  fibrate4  iron- 
stone, which,  Avhen  cold,  weighed  •  1160 

Loss  of  water,  acid,  and  sulphur,  equal  to 
33'6  per  cent        -        ,  .  .  590  gra^ 

The  influence  which  the  :.nagnet  possessed  over  this 
stone  was  coi?sid  arable ;  t^e  adhesion  to  the  tongue  was 
however  great. 

I  next  introduced  into  a  prober  vessel,  in  ccmtact  wid| 
charcoal-dust,  some  pieces  fractured  fix)m  the  sameorig^ 
nalmass;  they  alsa  weighed  -        -        1750  grs. 

After  exposure  for  14  hours  to  a  degree  of 
heat  equal  to  120^  of  Wedgewood,  the  iron- 
stone, being  carefully  separated  firom  the  char- 
coal and  dried,  weighed        -  -  1002 

Loss  (rf*  water,  acid,  sulphur,  and  oxygen        748  grs« 
Lost  by  simple  distillation  •        -  590 

Oxygen  taken  up  by  the  charcoal,  equal  to 
9  parts  in  100  ....          I58grs« 

This  must  not,  however,  be  taken  as  the  total  measure 
of  oxygen  combined  with  the  iron,  but  only  that  portioii 
taken  up  in  the  first  stage  of  the  operaticxi ;  which,  as  k 
possesses  the  following  properties^  fuUy  entitles  it  to  this 
distinction : 

1.  The  ir(m-stone,  firom  bdng  firm  and  compact,  poA- 
^essing  specific  gravity  fix>m  3  to  3*5,  now  becomes  c^q-^ 
paratively  light,  firiable,  and  pulverulent ;  specific  gravity^ 
firom  2*1  to  2*5.  It  now  moulders  with  a  slight  piessure^ 
and  is  eauly  reduced  to  fine  powder  of  a  whitish  grey  co* 
lour,  which  again  possesses  the  following  distinct  proper- 

*  Wodgewood^s  pyrometer. 
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ties :  It  adheres  to  t!ie  magnet  in  the  greatest  abundance^ 
but  not  in  confused  clusters  like  iron-stone  simply  torre- 
fied o€  roasted  :  a  manifi^  indicati(m  to  become  attach- 
ed in  the  form  of  fibres  is  visible ;  and  the  quantit)^  taken 
up  is  equal  m  point  of  bulk  to  the  efl^t  produced  with 
iroa  filings* 

2.  Iron-stone  in  tfiis  state  pulverised,  when  strewed  in 
Sie  fiaine  of  a  fire  or  candle,  gives  out  metallic  sparks, 
li|;C  the  combustion  of  iron-filings  when  strewed  in  the 
aine  manner.  When  the  flame  of  die  blow-pipe  is  di- 
rected upcHi  it,  a  considerable  inflammation  takes  place,  and 
&e  metalUc  particles  again  become  oxydated. 

3*  In  this  state,  iron-stones  possess  the  property  of 
eflervescmg  violently  with  the  sulphuric  and  muriatic 
adds.  The  iron  and  lime  are  instantly  dissolved,  without 
die  production  of  heat.  This  is  only  peculiar  to  iron- 
stoies  at  tlus  period  of  de-oxygenation.  In  no  other  state 
other  raw  or  roasted,  does  iron-stone  possess  this  pro- 
perty, unless  highly  united  to  lime ;  but  remains  undissol- 
ved till  it  has  attracted  a  portion  of  the  oxygen  firom  the 
acid  with  which  it  is  in  contact. 

From  these  confirming  circumstances  I  conclude,  that 
fte  pardcles  of  metal  exist  in  a  highly  disengaged  state  i 
Aat  they  are  partially  malleable,  yet  so  nrnch  combined 
widi  oxygen  as  to  be  easily  precipitated,  in  fusion,  fof  the 
production  of  cast-iron,  with  a  sparing  proportion  of  fuel, 
and  a  proper  application  of  solvents.  So  far,  therefore, 
as  this  experiment  leads  us,  the  practical  analysis  of  this 
ore  may  be  thus  stated : 

In  the  assay-furnace  100  parts  of  this  iron-stone  yielded 
a  button  of  super-carbonated  crude  ircm  e- 
qoalto  .  :  .  .         39-5  parts. 

Water,  caibonic  acid,  and  sulphur,  lost 
tn  nmple  cBstiDation  -  •        -      33*6 

Oxygen  taken  up  by  the  charcoal      9*0 
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In  tbe  subsequent  port  of  the  opera- 
tipn  I  found  that,  when  the  iron-stone 
had  assumed  malleability,  and  brighten- 
ed under  the  file,  a  further  quantity  of 
oxygen  was  taken  up,  equal  to      *       -     4*2— -13*2 

Clay ,  lime  and  silex  united  in  the  stone        -      13*7 


100  parts. 

The  earths  I  found  to  be  proportioned  nearly  as  fist 
lows :  Clay  7  parts,  calcareous  earth  4,  silex  2*7  ««  13*7. 

II.  Of  a  calcareous  iron-stone,  teduced  in  the  same 
manner,  I  operated  upon        •  -        -         1750 1^ 

After  being  exposed  to  a  similar  distillation, 
I  found  it  to  weigh        ....        1090 

Lost  in  water,  acid,  and  sulphur,  equal  to 
37*7  per  cent        ...  .  660  gfk 

TIus  iron-stone,  when  torrefied,  exhibited  a  thin  sdus* 
tus  of  calcareous  plates :  its  fracture  also  presented  calca- 
reous lines  running  in  various  directions :  its  colour  was 
reddbh  brown,  partially  fibrated,  magnetic,  and  teDa<* 
cious  to  the  tongue* 

I  took  of  the  same,  mixed  with  charcoal  dust,   1750  grs^ 
and  exposed  the  vessel  to  a  temperature  equal- 
ly lugh  with  the  former. 

The  re^due,  when  carefully  separated  fix>m 
die  charcoal,  washed  and  dritd,  w  tij^hed  922 


828grsi 
Lost  in  simple  distillation,  as  formerly  shewn,   660 

•  _ 

Oxygen  taken  up  by  the  charcoal,  equal  to 

9-6  parts  m  100        -        -        -  -  168  gn» 

In  this  state  the  stone  was  pulverulent,  much  fiittered, 

^^ind  of  a  darkish  grey  colour.    Its  firacture  exhibited  a 

ntiumber  of  white  spots  like  madrtporet    In  many  plaML 
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led  in  the  flsme^  <&8olved  rapuUy  in  aisids  wMi  a  ?Wi 
lent  ^ttarveacsDCt^  wn  kss  magnfcslic  titan  iSnt  tamer^ 
dmugh  possessmg  a  greattendoscy  toadhetoin^iionli 
offibiwr    Ffott  this  treatment  tlK  pnMsdcal  aiudjr^  0^ 

« 

this  atone  will  itnid  aa  fidkms  t 

&i  die  assay  fimaoe  it  yiddedi  iof  jHiper*carbonated 
lorade  iron,  per  ccnti  ^  *  BVSpaklB 

Water,  acid,  and  sulphur  lost^  as  fiir^ 
imafyshewn^  .         *         '  ^  .  ST'T    * 

Oxygen  taken  up  in  tiie  fii^  stage  ol 
debozygenation  -        •        -        9^d 

Afterwards  taken  up  in  cementing  the 
iron-stoiie  to  render  it  malleable        ^    A^^^^i^S 

Clay,  lime  and  sSex        •       •        ^         I03 
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lOOpaitt 
^dissotutim^in  acids,  tfoiindtte  ports  tobd 

teady  as  follows :  Lime5*2— Clay3'l--SilexS»10*3k 
Uns  analysis  mu^t  not,  however,  be  taken  as  a  stand- 
tfd  whereby  the  quantity  of  iron  and  earth  is  to  be  ju^ed 
of  m  calcareous  kon-stoaes  in  generals  The  inxi-stcxies 
of  tbis  dass,  contain  much  less  iron  than  argillaceous  or 
even  siliceous  iron-stones ;  28  to  32  par  cent,  a;^  products 
ttoeconunonlymet  withdian37andiipwaids;  thedif- 
fcveooein  pokit  of  metal  being  made  up  in  Ume  and  dli^« 
k  stating  the  quantity  of  oxygen  disengs^ed^  I^conceived 
^  pnqper  to  adduce  iron-stimes^  though  of  di&rent  dassesi 
y^  containing  nearly  the  same  weight  of  metal  as  the 
Quantity  either  disengaged  or  absorbed  must  be  in  adirect 
*%©  to  die  existing  quantity  of  iron. 

IIL  I  operated  with  a^  mSceaus  ircm'-stcxi^  weighing 
*o  *  ^  .  .  yjSO  gi«* 

imposed  of  small  pieces,  s«d  exposed  for 
ib  same  length  of  tbue,  Md'to^die  sama 

M 


The  analysis  here  furnished  is  not  that  of  tJic  cheinbt, 
laboratory ;  but,  though  the  calculations  are  less  rigorous, 
yet  they  are  sufficient  for  tlie  manufacturer,  and  better 
suited  for  practical  information ;  as  they  never  once  lose 
sight  of  llieir  appUcation  and  cfiects  in  the  large  way  erf 
^nanufact^^^^  and  as  they  liave  been  diiefly  effected  by  an 
agent,  wtiich  alone,  in  the  large  way,  can  modify  the 
whole,  and  procure  results  conson^t  to  the  use  and  ei. 
istenoe  of  the  metal. 

From  the  amount  of  the  experiments  here  recorded  I 
would  be  apt  to  draw  this  conclusion,  that,  in  general, 
iron-slones  are  variously  combined  witli  oxygen  as  to 
quantity:  ai^illaccous iron-stone, least;  calcareous, more j 
and  siliceous  iron-stones,  most  of  all.     Mushet. 

In  many  places  where  tlie  tse  is  too  small  to  be  conTC- 
niently  roasted,  it  is  washed  to  separate  the  dirt  j  but  ge- 
nerally  as  I  think,  this  iv:ishing  is  at  the  expence  of  a  quan« 
tity  of  tlie  yellow  oxyd  of  iron  which  is  at  tlie  same  time  , 
washed  atvay. 

Of  Fuel.  ThroQtjhoiit  the  continent  of  Europe  an£. 
America,  the  fuel  is  charcoal  of  wood.  In  Great  Biitain. , 
tlierc  weir  in  die  year  1806, 133  iron  %vorks  at  which  17S  . 
furnaces  were  in  blast,  producing  annually  258,206  tons, 
of  iron.  Of  these,  11  iron  works  bmnt  die  charcoal  of", 
wood  ;  owing  as  I  apprehend  to  tiie  nature  of  the  iron  ore, 
such  as  the  Cumberland  and  Lancasliire  ore,  being  what  ^ 
Mushet  calls  the  primtu'y  iron  ores.  These  1 1  furnaces 
made  annually  7800  tons  of  iron  being  on  the  averse  ■ 
709  tons  per  furniice.  The  other  122  \v-orks  contiuning 
162  furnaces  in  blast  wliich  were  worked  with  the  coak  or-. 
charcoalofpitcoal,miidc  annually  250,406  tons  of  iron, 
or  1546  tons  per  furnace  ;  so  diat  the  furnaces  worked  with 
stone-coal  produce  annuallj'  m  that  country,  more., 
twice  as  much  iron  as  those  worked  with  wood-coaU 


Chareoiil  qf  woody  bdng  sdmdst  ihe  only  ftid  used  for 
\totk  works  or  by  blacksmiths  in  this  coimtry,  the  pro^ 
eeas  of  charring  the  wood  is  well  known :  butthefollow- 
ii^  observations  of  Mr.  Mushet,  are  worth  attention. 

Charred  wood  b  ahnost  universally  used  throughout 

die  Continent,  as  fuel  for  the  production  of  cast-ircxi. 

Fram  Its  great  abundance  in  the  northern  countries,  the 

fiscovery  of  pit^coal  Would  be  deemed  of  little  advantage 

fer  many  years  to  come^.     The  extensive  woods  in  Sibe* 

fit  and  Sweden  aflford  a  constant  supply  of  fuel  to  the 

nnaaous  iron  works  in  those  countries.    The  necessary 

icgdatKHis  which  die  respective'  governments  of  each 

country  have  tiiou^t  ];»x>per  to  enact,  will  in  all  probabi- 

%  preserve,  during  their  existence,  the  necessary  supply 

d  fud  for  the  manufacturersf.    If  the  woods  receive  ne** 

oeasaiy  care  and  attention  after  the  first  cutting,  they  will 

rqdaoe  themselves  at  periods  from  15  to  18  years.     The 

charcoal  used  in  Siberia  is  all  made  from  the  pine  ami  larch , 

Ae  country  affording  no  other  varieties  of  timber.     In 

Sweden,  the  manufiicturers  are  supplied  with  a  considera- 

l>fe  proportion  of  harder  woods,  which  is  greatly  in  favour 

rfthe  manufacture. 

It  has  already  been  noticed,  in  a  former  paper,  that  the 
fud  used  in  Britain  at  an  early  period,  and  so  far  down  as 
4e  beginning  of  the  present  century,  chiefly  consisted  of 
^vood.     The  kinds  of  wood  used  for  this  purpose  \7ere 

•  Pit-coal  has  been  discovered  in  Siberia  of  various  qualities  and 

« 

^  great  abundance,  fit  for  the  same  purposes  to  which  it  is  applied 

* 

^ika%  country. 

tin  Sweden  Uicre  is  a  law  restricting  the  manufacturers  of  iron 
^  tcertadn  annual  produce ;  and  this  quantity  is  always  in  propor- 
^to  the  ground  attaclied  to  the  work.  In  this  manner  the  wood 
H  enabled  to  replace  itself  at  cerUun  intervals ;  and  each  work  is 
*^urcd  of  an  annual,  though  moderate  supply.  The  more  exten- 
•^and  unpeopled  tracts  of  Siberia,  render  such  exactitude  in  tW 
^ii'^mmof  tke  laws  let»  necessary, 
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varioys ;  but  char  of  hard  wood,  such  as  oak,  birch,  ash; 
Sec.  Sec.  was  always  preferred  to  that  made  firom  pine, 
holly,  sallow,  &cc.  &cc.  At  the  small  remaining  number 
of  charcoal  furnaces  now  in  this  country,  the  oak  has  sdll 
tfie  undoubted  prefiaience.  Its  firmness  and  continuity 
enable  it  in  the  blast-furnace  to  support  and  convey  prin« 
ciple  to  the  iron  contained  in  a  larger  portion  of  ore,  than 
charcoal  made  from  softer  wood.  Tlie  same  properties 
also  enable  it  for  a  time  to  sustain  a  heavier  pressure  of  air 
from  the  dischai^ing  pipe :  this  facilitates  the  reduction 
of  the  whole,  and  gr^tly  augments  the  weekly  produce 
in  iron.  The  mode  of  preparing  charcoal  of  wood  fcr 
the  blast-furnace,  though  extremely  simple,  is  yet  capt- 
ble  of  being  gready  misunderstood,  so  as  to  occasion  t 
considerable  waste  of  wood  in  the  process.  The  fcdlofW- 
ing  is  the  detail  of  an  operation  which  I  have  seen  success* 
fully  tried,  and  which  was  productive  of  excellent  char- 
coal. It  is  the  same  I  believe  as  is  followed  at  the  two 
charcoal  furnaces  in  Ai^'leshire. 

First  of  all,  a  plot  of  ground  is  raised  a  litde  higher  than 
the  surrounding  surface :  this  is  made  slightly  convex. 
The  burner  commences  by  placing  in  the  centre  a  circte 
of  sticks,  transversely  inclining,  and  crossing  each  odier 
near  their  tops.    Around  these  are  built  successive  cir* 
cles  of  wood  of  various  sizes,  from  1  to  10  inches  diame- 
ter;  but  care  is  always  taken  to  place  those  of  similar  dK. 
ameters  in  the  same  circle.     A  round  of  beams,  of  the 
largest  nature,  is  immediately  followed  by  one  so  much 
smaller  as  to  fill  up  the  interstices  between  the  larger  di- 
ameter^ that  no  more  air  may  be  admitted  than  is  neces- 
sary to  excite  gradual  combustion.     These  are  again 
&Dowed  by  pieces  of  an  increasing  diameter.    This  mode 

Vttiging  the  large  and  small  sizes  is  continued  till  such 
5  as  the  pile  is  deemed  sufiicicntly  large.  The  total 
111  may  then  measure  firom  20  to  30  feet.    The  last 
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wbofe  IS  Aen  covered  with  turf,  thegraasjr  side  towards 
die  wood;  a  coating,  of  earth  is  then  applied  all  round 
Ae  bottom  (tf  die  pile,  and  firmly  beat  to  prevent  the  un« 
neoessaiy  admissicm  of  air.    A  small  funnel,  or  opening 
oa  die  top,  is  preserved  by  the  transverse  position  of  the 
irat  kyer  of  wood ;  diis  is  generally  about  18  inchesdeep^ 
into  which  the  burning  fuel  is- introduced.    Combustion 
is  in  tUs' manner  first  conveyed  to  the  top  oif  the  pile, 
tod  is  continued  by  feeding  the  smaU  craters  with  [ueces 
of.wood  fi3r  4  or  5  dajrs.     When  the  interior  pert  of  die 
fire  next  the  top  is  deemed  sufficiendy  kindled  and  iqxead 
Qfvor  die  whole  diameter,  a  row  (£hoIes  is  opened  a  few 
bches  bdow,  each  about  two  inches  diameter.    The 
kde  at  the  top  b  then  entirely  shut  up,  and  die  fire,  now 
completely  spread,  slowly  descends  to  where  the  air  is  ad« 
nutted  by  means  of  the  small  apertures.     When  this  is 
observed  by  the  burner,  which  is  known  by  the  disaj^pear* 
ance  of  smoke  and  vapour,  they  are  immediately  shut  up, 
and  a  second  row  opened  6  or  8  inches  under  the  first, 
h  this  manner  the  fire  is  conducted  to  the  foundation  of 
Ae  pile,  and  the  whole  mass  exposed  to  proper  combus- 
tion.   The  intention  of  the  operation  is  to  bring  the 
ivbrie  pile  to  a  state  of  complete  ignition,  but  in  such  a 
Ddanner  that  no  greater  a  portion  of  it  may  undergo  com- 
bustion than  is  necessary  to  produce  that  effect.     Hence 
tbe  necessity  for  guarding  against  too  fi^e  an  access  of 
air  during  the  process.     As  soon  as  tlie  operation  is  end- 
ed, which  may  last  for  10  or  14  days,  the  whole  is  more 
dosdy  covered  up,  and  kept  so  till  such  time  as  the  char 
is  deemed  sufficiendy  cool  to  be  fit  for  drawing :  it  is 
tben  separated  from  the  earth,  and  carrried  away  in  bags 
or  b  waggons.     Those  pieces  of  wood  not  sufficiendy 
cban:ed  are  by  the  workmen  called  brands^  and  are  com- 
'^y  used  for  fuel  to  the  next  fire. 
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The  loss  of  weight  in  charring  wood  is  inconceiyably 
great.  In  the  large  way  it  is  almost  impossible  to  ascer- 
tain it  to  any  d^ree  of  exactness.  The  qualities  of  wood 
are  so  various,  and  the  tendency  which  some  have  beyond 
odiers  of  parting  with  their  juices,  even  when  exposed  to 
the  same  temperature,  render  it  at  best  but  amatter  of  un* 
cettaint}\  I  shall  however  insert  a  few  which  I  have  char* 
red  in  the  small  way ,  and  the  results  obtained  from  them) 
before  weighing  they  were  all  exposed  to  the  same  tempo 
rature  for  a  considerable  time,  and  thoroughly  dried* 

It  is  however  wordiy  ot  remark,  that  the  produce  in 
charcoal  in  the  small  way,  does  not  give  an  invariabb 
standard  whereby  to  judge  of  that  obtained  on  a  laifp 
scale,  where  ignition  is  caused  by  the  admission  of  exter- 
nal air  into  contact  with  the  wood.  In  the  lai^  way  the 
quantity  of  char  afforded  will  depend  more  upon  the  hard- 
ness and  compactness  of  the  texture  of  wood,  and  the  algill 
of  the  workman,  than  on  the  quantity  of  carbon  it  containa* 
In  the  following  tables  I  have  sitnply  expressed  the  ex- 
istence of  the  alkaline  principle,  in  the  various  ashes  ob- 
tained from  the  combustion  of  1  pound  of  wobd  avoiidu- 
'  pob  weight :  this  may  be  of  use  to  those  who  wish  to 
make  experiments  upon  the  formation  of  pot-ash.  & 
will  also  be  observed,  that  there  are  some  woods  thatyidd 
a  much  larger  proportion  of  carbon  than  oak :  tbeM^ 
however,  are  either  too  scarce  or  two  valuable  to  be  appli* 
ed  to  the  manufacturing  of  iron  in  this  countr)% 


"Thhh  oftfie  component  parts  of  one  English  pound  avoir- 
diipois,  or  seven  thousand  Troy  grains  of  thefoUmifing 
varieties  of  I  rood.  * 


Csrb>ci(l 

Csrbon 

Kahns 

Colour  Bod  Degree ol'Siiuratlon of  lh« 

Alkulinc  Pnwiple. 

u     .    .    . 

3383,6 

ua?,d 

Rrey,  stiiTply  slkidiQe. 

5688^ 

1358,U 

Whitiali  blue,  do. 

J650,2 

5630,9 

1,144,,! 

24,8 

nmvn,  not  in  tlie  least  alklUnet 

5147,0 

17H4.4 

fiH,fi 

r.rey,  .hjirply  allujuie. 

SHe'   -    - 

S5+4.0 

1381,4 

Pure  while,  weikly,  do. 

mj    .   ■ 

1394,3 

11S1,9 

Ilrown,  perceptibly  do. 

1395,9 

(*.B 

IreyUh  wlute,  shsulily  do, 

5376,6 

1370,2 

3.!,S 

Irey.  p»rU>tly  do. 

5496,3 

1446,1 

57,1 

Pure  while,  light  u  do-™,  wedtly  d» 

5553.2 

1393,1 

53,7 

0«rk  grey,  shirply  do. 
Drown,  do 

5425,9 

\mi.H 

r>..r. 

liklMum    -    - 

3196,4 

1731,0 

mfi 

Wl.iic  .1x1  erer,  putully  att^ine. 

ter!  -■ 

5626.0 

1294,8 

7^.? 

Cirey.  sUarplvdo. 
Light  grev,  do. 

vOlMt      .      - 

5341J 

1629,6 

29,1 

""y.  ^^                               _  J 

■ 

Parts 

in  100. 

HydgM. 

:;arl>or- 

Vihet 

Colour,  Kalure,  CompBClncsi  aflha 
Cliiircotil. 

Uii  .     .    - 

r6ji9j 

i>-t)i 

A4>    -    .     .     . 

8U60 

17,972 

(l,7hH 

■iliining  black,  sptmgy,  modenitely  firm. 

BU,717 

17,491 

1,792 

Velvet  black,  bulk)-  and  do. 
ihinitii  bliek,  bulkyandrerywR. 
rwgeJ  with  brown,  ipongy.  and  firm. 
Fin<  blKk.  bulky  >nd  moaerately  ttat. 

80,441 

19,304 

0,35i 

lUe|»7    .   . 

^Mf?   .    . 

79J(W 

19,734 

1.0M 

M^  .    .    . 

78,920 

19.^18 

iMJhKM     . 

83,095 

16,45(3 

(),44H 

rinnd  with  broWri,  bulky  but  pretty  Siak 

79.104 

19,941 

!1,4,H 

79.655 

19.574 

lt,7rtl 

Pine  blick,  modeniiely  firm. 

78.521 

iJ.66,T 

0,816 

Bull  bUck,  tenure  clo«:.  bodvfirio. 

AqR<e»nM^>le 

r9J31 

I9,9UI 

0,76H 

Dull  bUek,  u-iture  close,  nfidewtely  il«, 

^BlKkBe^h 

77J12 

21,455 

o,it;;') 

Kiue  black.  comp:icl  &  remarkably  bard 

Umm    -    - 

74,234 

J4,i86 

irr-""; 

73,643 

26.8J7 

0,30U 

80,371 

18,497 

I  H2 

Vel™i  bluck,  bulky,  loow  and  soft. 

CW«n  ■     . 

76,304 

23,280 

0,4)6 

GloMy  black,  compact  and  finn. 

*  Dr.  Walson  1  Essays,  1 33,  sajrs  that  106lb.<  of  dry  peaJed  oak, 
yieliled  19  ounces  of  ashes:  tliese  ashes  yielded  1  ounce  and  a 
■jiiarter  of  saline  mitttcr.  Hence  I  ton  of  potash  recitures  skboilt 
1100  tons  of  dry,  or  aUuit  1300  tons  of  green  oa^- 
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The  advantages  that  charcoal  possesses,  beyon^  tfapse 
of  pit-coaly  for  the  manuiacturing  of  crude  iron,  are  deriv- 
ed fix)m  the  purity  of  its  component  pjuts,  and  th?  supe- 
rior quantity  of  unalloyed  carbon  it  affords  to  the  irwi. 
This  principle  is  presented  to  the  metal  free  fix)m  the  com- 
bination of  clay,  lime,  sand,  and  sylphur ;  with  which 
pit-coal  firequently  abounds-  A  determinate  quantity  of 
charcoal  by  measure^  will  smelt  and  convey  principle  to 
three  times  the  quantity  of  iron  that  can  be  dc»)e  by  tbiS 
same  measure  of  pit-coal  coaks.  Its  greatest  and  most 
useful  property,  however,  seems  to  be  developed  in  Ac 
refinery  fire,  and  similar  bar-iron  operations ;  where  it 
manifests  in  the  most  evident  maimer  its  superiority  over 
pit-coal,  by  shortening  tlie  tedious  processes  of  the  foi]ge| 
diminishing  the  waste,  and  affording  a  much  superidr 
quality  of  iron  for  all  the  purposes  of  subsequent  manu* 
facture.     Thus  far  Mushet. 

Wood  in  charring  loses  somewhat  of  its  bulk :  hf 
means  of  the  heat  applied,  the  acid  moisture  is  distilled 
awdjT,  together  with  some  part  of  the  resinous  and  carbo- 
nic principle  of  the  wood,  but  the  wopdy  fibres  consisting 
chiefly  of  carbon  or  pure  charcoal  remain,  and  the  vascu* 
lar  part  now  emptied  of  the  fluid  contents,  form  the  porw 
of  the  charcoal.  Of  these  Dr.  Hook  counted  150  in  the 
eighteenth  part  of  an  inch  in  length ;  hence  he  concludes 
that  in  an  inch  square  of  charcoal  there  are  5,724,000 
pcMres. 

As  there  are  great  variations  in  the  weight  of  wood,  1st. 
as  to  the  kinds,  2dly.  as  to  the  time  when  it  was  cut, 
Sdly.  as  to  the  length  of  time  it  has  been  e:cposed  to  the 
atmosphere,  4thly .  as  to  the  part  of  the  tree  fix)m  which  it 
is  cut,  no  certainty  can  be  obtained  as  to  the  proportion  of 
charcoal  by  weight  obtained  fi"om  various  woods  :  I 
think  the  charcoal  according  as  it  is  well  or  ill  burnt,  va- 
ries from  a  third  to  a  fifth  of  the  weight  of  the  dry  wood 
fix>m  whence  it  was  made% 


In  Pennsylvanb  a  cord,  (8  feet  by  4  feet  and  by  4  feet, 
cr  128  cubic  feet  of  wood^  put  up  as  close  as  the  sticks 
leasonably  can  be  placed)  of  oak,  will  yield  about  40  bush- 
ds  of  coal ;  a  cord  of  pine,  about  42  bushels :  or  it  may 
be  said  that  100  bushels  of  wood  coaled  in  the  common 
^y  for  the  use  of  a  furnace,  will  require  two  and  a  quar- 
ter cord  of  wood ;  but  if  coaled  for  a  bloomery  or  refiner}-, 
where  the  coal  must  be  all  of  the  best  quality,  100  bush- 
ds  will  require  two  and  a  half  cord.     The  cxpencc  of 
cutting  is  about  40  cents  a  cord,  coaling  about  36  or  37 
cents.     From  20  to  40  cords  of  wood  are  coaled  at  once 
qxm  one  hearth.     The  quantity  of  coal  used  to  produce 
I  too   of    metal  will  of  course   vary  with  the  nature 
of  the  iron  ore,  and  the  skill  of  the  founder  or  manager. 
Mosb^  reckons  16  c^vt.  of  charcoal  of  wood  to  a  ton  of 
metal  ^  which  I  think  is  too  little.     In  Pennsylvania  I 
lave  heard  it  computed  at  200  bushels,  of  about  141b.  to 
fc  bu^l,  of  dry  charcoal.  There  is  no  ascertaining  any 
6ct  of  thb  kind  by  weight ;  because,  good  well  burnt 
diarcoal  will  imbibe  from  the  atmosphere  in  the  course 
ofS  or  4  days,  12  or  13  per  cent,  of  air  and  moisture :  but 
QD  this  calculation,  the  English  (or  rather  the  Scotch)  ma* 
n^ers  make,  a  ton  of  iron  with  a  fourth  less  coal  than  die 
American.     Good  cliarcoal  should  ring  with  a  metalline 
lound :  it  will  finequently  strike  fire  with  steel.     Charcoal 
exposed  to.  moisture,  and  kept  tc^ther  in  great  haips, 
has  been  known  to  take  fire  spontaneously.     I  suspect 
charcoal  is  the  wordc  for  the  moisture  it  imbibes ;  for  in 
the  heat  of  a  furnace,,  the  water  will  be  decomposed  both 
hy  the  charcoal,  and  by  the  iron ;  and  as  water  contains 
d^rty-five  and  two  thirds  per  cent,  by  weight  of  oxygen^ 
and  only  fourteen  and  one  third  of  hydrogen,  it  appears 
to  me,  that  coal  must  be  greatly  wasted  by  moisture ;  but 
the  subject  is  very  difficult  and  complicated, 

I  have  met  with  no  calculations  on  which  any  reliance 
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can  be  placed  of  the  time 
which  the  Mood  has  been  cut,  will  replace  its  ori[rin;J 
quantitj- :  nor  of  the  average  cubic  feet  of  wood  on  an 
acre.  Mushet,  conjectures  these  at  2000  cubic  feet  and 
18  years;  but  the  kind  of  wood,  and  Uie  chmate,  and 
the  soil,  tt-ill  make  so  much  difference,  ttiat  there  is  no- 
thing like  certainty.  Pine  in  this  countrj'  I  imagine 
would  replace  itself  in  16  years,  chesnut  in  12,  oak  in  20. 

Of  Pit-coaL  The  first  intimation  of  the  useof  pit-coaL 
for  smelting,  that  I  know  of,  is  in  Price's  Mineralogy  of 
Cornwall ;  but  Bccher  early  in  the  aign  of  Charles  the 
2nd  proposed  its  use  among  the  iron  furnaces.  The  fol- 
lowing brief  history  of  its  introduction  is  from  Mushet^  7 
Phil.  Mag.  37. 

The  advanttges  which  individuals  derived  from  the 
manufacture  of  iron  had  induced  many  to  engage  in  it. 
The  business  in  point  of  extent  seemed  only  limited  to  the 
supply  of  wood.  New  erections,  for  want  of  a  propta" 
supply  of  materials,  became  impracticable :  those 
already  engaged  were  more  anxious  to  presure  their  sup- 
ply, however  much  circumscribed,  than  to  listen  to  inno- 
vation, which,  by  substituting  pit-coal  for  tlie  charcoal  of 
wood,  would  gi^e  to  the  new  establishing  manufacturer  a 
great  superiority  in  the  market.  It  was  also  highly  pro- 
bable that  many  of  the  iron-works  then  estabtished  were 
at  a  considerable  distance  from  pit-coal,  the  universal  in- 
troduction of  which  would  have  proved  fatal  to  their  in- 
terests. Under  such  unfavourable  circumstances,  tlie  dis- 
coverj',  or  rather  the  practicabiUtj-,  of  making  pig-iron 
%vith  pit-coal,  we  find  amiounccd  by  Simon  Stuiteyant^ 
Esq.  in  the  year  1612,  who  upon  appUcation,  %vasGivour- 
edwitli  a  patent  froni  king  Jaraes  for  the  exclusive  manu- 
facture of  iron  with  pit-coal  m  all  its  branches  for  thirty, 
one  years,  ti  return,  the  said  Simon  Sturtevant  bound 
himself  to  publish  his  discoveries,  which  afterwards  ap- 
peared in  quarto  under  tlic  title  of  lus  Metallica. 
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It  is  uncertain  from  what  reasons,  but  Mr.  Sturtevant 
fiiiled  in  the  execution  of  his  discoveries  upon  a  large 
scale,  and  was  obliged  next  year  to  render  up  his  letters  of 
monqpoly* 

The  second  adventurer  in  this  line  we  find  to  have  been 
John  Ravenson,  Esq.  who,  like  Sturtevant,  was  success- 
fill  in  obtaining  a  patent  for  the  new  manufacture,  but, 
Bke  turn  also,  was  inadequate  to  the  completion  of  it  upon 
m  extensive  scale.  Ravenson  was  rJso  enjoined  to  pub- 
liah  tus  discoveries  under  the  tide  of  his  Metallica, 
primed  for  Thomas  Thorp,  armo  1613.  Several  other 
adventurers  stepped  forth,  all  of  whom  had  the  mortifica- 
tioQ  of  resigning  their  patents  without  having  contributed 
to  the  success  of  the  arduous  undertaking. 

Id  1619  Dudley  obtained  his  patent,  and  declared, 
diat  although  he  made  only  at  the  rate  of  three  tons  of 
pg-iran  weekly,  he  made  it  with  profit.  The  discovery 
was  perfected  at  his  father's  works  at  Pensent  in  Wor- 
cestershire. This  gendeman's  success  in  the  various 
mami&ctures  of  iron  vnih  pit-coal  had  united  not  only 
aUtfae  proprietors  of  the  charcoal  iron  trade,  but  many  new 
adventurers,  who  wished  to  share  in  the  emoluments  of  the 
new  dtsoovery.  Their  interest  was  so  powerful  as  to 
limit  Dudley's  patent  from  31  to  14  years.  During  the 
iqost  of  this  period  he  continued  to  manufacture  pig  and 
bar-iron,  and  various  castings,  all  of  which  he  sold 
much  lower  than  the  charcoal  manufacturers.  In  the  ar- 
tide  of  castings  alone,  he  must  have  had  greatly  the  start 
of  Ae  charcoal  foundries,  as  the  quality  of  carbonated 
ooak  pig-iron  b  &r  superior  to  that  of  the  charcoal  iron  of 
this  country  for  the  general  purposes  of  casting. 

The  superior  genius  of  Dudley  was  not  always  an  ob- 
ject of  passdve  indifference  in  the  narrow  estimation  of  the 
hag  established  manu&cturers.  The  envy  occasioned 
fajr  (i|  unoonunon  success,  produced  at  last  a  spirit  of 
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combinaticm,  which  temunated  in  a  hoodie  attack  upon  hte 
devoted  works.  His  improved  bellows,  furnace,  forge, 
&c.  all  fell  a  prey  to  a  lawless  banditti,  betwixt  whom  and 
its  furious  leaders,  no  shades  of  distinction  were  visible,  biit 
those  of  avarice,  ^orance,  and  the  most  contemptible 
prejudice. 

To  evade  the  mode  of  operation  discovered  by  DucDqr, 
or  to  introduce  the  making  of  pig-iron  with  pit-coal  to 
greater  advantage,  a  new  plan  was  adopted  by  Capbuh 
Btick,  Major  Wildman,  and  others,  in  the  forest  of  DeaOi 
where  they  erected  large  air-fiirnaces,  into  which  they  jdm 
troduced  large  clay  pots,  resembling  those  used  at  glas^ 
houses,  filled  with  various  portions  of  the  necessary  mix- 
ture of  ores  and  charcoal.  The  furnaces  were  heated  fay 
the  flame  of  pit-coal,  and  it  was  expected  that,  by  tapping 
the  pots  below,  the  separated  materials  would  flow  out 
This  rude  process  was  found  entirely  impracticable ;  the 
heat  was  inadequate  to  perfect  separation,  the  pots  cracked 
and  in  a  short  time  the  process  was  abandoned  altoge- 
ther. 

The  misfortunes,  which  successively  befel  the  un- 
fcHtunate  Dudley,  arising  fix)m  rivalship  in  the  iron  busi* 
ness,  and  his  attachment  to  the  royal  cause  during  thecivS 
wars,  prevented  Ws  improvements  from  being  closely  fol-. 
lowed  up.  The  refusal  of  a  new  patent  after  the  restora- 
tion prevented  him  from  again  entering  into  the  business 
with  his  usual  enterprise.  From  that  period  till  about 
the  year  1740,  nothing  of  importance  was  done  in  tfao 
manufacture  of  coak  pig-iron.  The  application  of  the 
steam  engine  for  raising  and  compressing  air,  no  longer 
confined  the  manufacturer  to  local  situations.  Larger 
furaaccs,  with  a  [»x)portionate  quantity  of  blast,  were  in- 
troduced. Among  the  first  efiects,  from  8  to  lOj  tons 
of  pig-iron  were  produced  weekly.  Ever  since,  the  week- 
ly quantity  has  in  general  been  increasing.     The  produce 
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being  kcmsiderably  (kpendent  upcm  the  quantity  of  air 
usedfor  reduction,  it  is  now  so  well  understood,  that  at 
somie  w(»rks  the  Uowingwmachine  is  calculated  to  pro- 
duce frequently  40  tons  of  melting  pig-iron  per  we^  at 
each  furnace.  At  some  iron- works  in  Wales,  where  oxy* 
geoated  crude  iron  i^  manufactured  purposely  fcx*  con- 
verting into  bar-ircm,  there  are  several  instances  (^  a  fur* 
nice  producing '  70,  71,  and  72  tons  of  metal  weekly, 
tliis  astxHiishing  quantity  forms  a  most  striking  contrast 
y/nl^  the  early  exertions  of  Dudley,  who  Conceived  three 
tOQ^  H  profitable  produce,  and  whose  greatest  exertions 
QCver  exceeded  7  tcxis  of  pig-iron  weekly.    . 

Afia  this  slight  sketch  of  the  progress  of  manufacture 
Jfig  pig-iron  with  pit-coal,  it  may  be  gratifying  to  make  a 
fev  observations  upon  the  process  conducted  with  the 
t^arcoal  of  wood.     The  superior  purity  of  die  carbona- 
ceous matter  in  wood,  and  its  greater  degree  of  inflam- 
mabili^^  render  this  operation  more  simple  than  that 
performed  with  pit-coal.    The  former  properly  admitted 
of  a  small  furnace  being  used ;  and  also  required  a  much 
less  degree  of  blast  to  purify  the  ore,  and  give  out  sa- 
tisfactor}'-  results  both  in  the  quantity  and  quality  of  tlie 
metal.     Few  charcoal  furnaces  exceeded  the  height  of  20 
feet,  and  many  of  them  were  from  12  to  15.  A  very  small 
column  of  blast  was  necessary  to  excite  ignition,  and  pro- 
duce the  reduction  of  the  materials.  Lancaslure  and  Cum- 
berland ores  were  chiefly  in  use ;  their  superior  richness 
b  iron  rendering  them  soon  metallised  when  in  contact 
with  ignited  charcoal  of  wood :  12  to  24  hours  wei-e  suf- 
ficient  for  this  purpose,  accordbig  to  the  size  of  tlie  fur- 
Dace  and  the  qualit}'  of  the  pig-iron  wished.     Not  so  in 
the  manu&cturing  of  coak  pig-iron  at  present :  the  infe- 
rior quantity  of  iron  which  is  contained  in  iron-stones,  tlic 
inipurity  of  the  carbonaceous  matter  in  pit-coal,  cstablish- 
^  a  much  less  degree  of  affinity  betwixt  the  metal  and 
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d>e  principle  of  its  reduction.     The  oxygen  of  the  ifoti* 
stone  18  longer  in  being  removed  t  this  requires  an  addi* 
ticmal  period  of  contact.     To  procure  this^  the  fumaoe 
must  be  heightened  to  35  or  40  feet,  and  the  descent  of 
the  materials  protracted  to  three  days. 

It  will  be  proper  to  exhibit  the  comparative  efiects  fsTo- 
duced  by  the  char  of  pit-coal  and  that  of  wood.  Thefel* 
lowing  particulars  will  serve  as  data  to  make  a  calcula(dQii 
of  the  relative  effects  of  the  two  different  fuels  witha  char« 
'coal  furnace  of26  or  27  feet  high,  9  feet  wide  at  the  boshesi 
and  blown  by  two  inch  and  three  quarter  pipes  placed 
along  side  of  each  other  at  the  tuyere  of  the  furnace.  To 
make  forge-pigs  with  thb  furnace,  the  following  propor- 
tions have  by  experience  been  foimd  requisite  fol:  eadi 
chai^i 

2  sacks  of  charcoal  of  1121b.  each  '^  S224lb« 

7  measures  of  well  dried  Lancashire  ore,each  1121b*  784 
Raw  iron-stone  ....  56 

Limestone        ...  .  .  14 

In  24  hours  18  of  the  above  charges  would  have  beea 
consumed,  and  nearly  3  tons  t£  forge-pigs  produced. 

The  total  quantity  of  char  used  for  the 

quantity  would  be         -         -  *     2  X  18  ^^    36cirti 
The  total   quantity  of  iron  ore        -  -    7  x  18  «»  126 
— — — —  of  iron-stone      *  -J  x  18  »■      9 
= of  limestone            -  j.  x  18  a=s  2^ 

We  find  therefore  that  12  cwt.  or  13441b,  of  the  char^ 
coal  of  wood,  produces  of  forge  pig-iron  22401b.  or  1 
ton ';  and  that  126  cwt«  of  Lancashire  ore  4  9  Cwt.  of 
iron-stone,  yielded  of  metal  60  cwt.  This  quantity,  by  an 
easy  mode  of  calculation,  will  be  found  to  be  at  the  rate  dt 
44'4  per  cwt. 

When  carbonated  crude  iron  was  produced,  the  charge 
waa»  200  cwt  of  wood  char,  5  cwt.  of  ore,  1-2  cwt.  of 
iron-stone,  14  lb.  of  limestone. 

The  M'eekly  quantity  was  always  diminished  i&  pM- 
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porden  to  die  reduction  of  the  quantity  of  ore  used7  In 
M  hours  the  quantiQr  of  the  pig-iron  produced,  averaged 
iScwt  of  carbonated  crude  iron.  As  this  is  the  quality 
of  metal  which  serves  as  the  basis  of  the  calculation  in 
Number  XX.  of  the  Philosophical  Magazine,  it  will  be 
die  most  proper  standard  to  compare  the  widely  different 
dfccts  produced  by  wood  and  pit«coal.  In  that  Number 
itfMe  is  giwn  of  the  quantities  of  crude  iron  each  varietf 
of  ooaks  produce,  and  which,  for  the  sake  of  immediate 
comparison,  I  shall  here  again  insert. 
1  ton,  or  22401b.  clod-coal  coaks  produces 

of  carbonated  iroii        *       ^        «        10401b< 
1  ton^  or  324f01b.  ^lint-coal  coaks        -  840 
■             2240  mived  coals        -        «  702 
1  ton,  <xr  22401b.  of  charcoal  of  wood,  ac- 
cording to  the  proportions  furnished 
above,  will  produce  of  carbonated  iron    2986 
1  ton,  or  22401b.  of  the  same,  will  produce 
of  oxygenated   crude  iron  for  forge- 
pigs        3718; and 

1  ton  of  carbonated  pig-iron  will  require 

of  the  coaks  of  clod-coal        -         «        4824'61b4 

splint-coal  -  5973-3 

mixed         -  -       ,7147^5 

wood  charcoal         -         1680 

From  this  comparative  view  it  is  found  that  charcoal 
of  wood  produces  triple  effects,  or  carbonates  three  tiraesJ 
die  quantity  of  crude  iron  that  the  clod-coal  coaks  do  j 
istt  and  a  half  times  as  much  as  the  splint ;  and  four 
and  a  half  times  as  much  as  a  mixture  of  free  and  ^lint. 
The  next  consideration  is  the  price  of  the  two  fiids^ 
Charcoal  of  wood,  about  forty  years  ago,  sold  at  2^.  6d* 
J^sack  of  1  c^vt.  or  50^.  per  ton.  1  ton  of  good  splint- 
coal  coaks  will  be  prepared  on  many  of  the  present  iron* 
^^Ork  banksy  labour  included,  at  lU.  and  at  some  pkices 
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sb  low  as  10^.  At  present  (1800)  the  price  of  chRitml 
is  iq>wards  of  4/.  j&«r  ton.  So  that  at  this  period,  aldiOQg^ 
the  eflects  of  wood  are  three  and  a  half  times  tho«  of 
8piint<>coaI  coaks,  yet  the  price  of  one  ton  of  charcoal  wooA 
will  purchase  eight  tons  of  coaks ;  the  quantity  of  ditt 
former  limited  to,  and  produced  from,  knd  wludi  mi^ 
be  better  applied  to  the  purposes  of  agricultare ;  die  latter 
found  in  immense  fields,  and  in  tracts  of  country  wUch 
are  always  augmented  in  vsdue  by  the  devdopement  of 
their  mineral  treasure. 

A  charcoal  blast-furnace  which  smelts  the  whole  yen 
round,  and  occasionally  makes  forge-pigs  and  carbonated 
iron  to  the  amount  of  1000  tons  annually^  will  consume 
14,000 sacks  of  charcoal;  which  may  be  estimated  aft  1 
cwt.  per  sack,  or  700  tons,  or  1,568,0001b.  TMs  dvi^ 
ded  by  18.751b^.  the  pounds  in  a  cubic  foot,  gives  ftr  the  - 
quantity  of  timber  in  cubical  feet^  83.626*  This  is  goi!^ 
upon  a  former  calculation,  and  is  supposing  tl^  wood  to 
shrink  but  little  during  the  process  of  charring.  In  tbepie* 
sent  state  of  the  woods  which  are  attached  to  iitxi-woriOi 
one  acre  Hill  not  yield  more  than  1200  cubical  feet  of  tfan^ 

ber.  To  ensure  the  annual  supply,  ^~  =  69.69  acres  of 

land  would  require  every  year  to  be  cleared,  or  nearly  1400 
acres  would  be  requisite  to  form,  wAxix  proper  care,  an 
unfeiling  source  of  supply ;  and  at  the  rate  of  41.  pet  toop 
the  fuel  would  cost  2,8001. 

Let  this  be  compared  with  a  blast-furnace  manu&ctur* 
ing  the  same  quantity  and  quality  of  coak  pig-iron.  The 
average  quantity  for  each  ton  will  be  nearly  six  tons  of 
splint,  or,  as  they  lose  50  per  cent,  in  charring,  3  tons  of 
coaks  X  1000  tons  of  pigs  ==  3000  tons  of  coaks,  whicb 
at  the  highest  price  stated,  lis.  per  ton,  amounts  to  1,65(H. 
or  less  than  the  charcoal,  1,150/.    6000  tons  of  splint* 

^  Acconling  to  Watson,  water  bcinc:  1,  dry  oak  is  ,893.  T.  C. 
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Mdt  win  be  easily  procured  from  me  acre  6[  measure* 
ncBt  where  the  stratum  measures  fppr  and  a  half  to  five 
feet  thick.  An  observation  strikes  us  forcibly  here,  that^ 
great  as  the  consumption  of  wood  b,  a  sufficient  extent 
of  countiy  can  fixnu  time  to  time  replace  any  given  quan- 
tity. No  ikctSy  however,  *  which  have  hitherto  come  un« 
der  our  .dbservatioDy  n'arrant  us  to  suppose  the  re-forma* 
tion  (rf"  pit^Goal. 

In. preparing  jHt-coal  for  the  Uast  furnace,  well  under* 

stood  amoig"  manufacturers  by  the  term  cookings  flat  sur- 

fiices  are  appropriated..   These  are  firmly  beat  and  pud- 

dkd  over  withrolay,  so  as  to  pass  the  necessary  cartage 

widiout  furrowing  or  :loosening  the  earth.     These  spaces 

farm  squares,  mofe  or  less  oblong,  and  are  called  hearths; 

ifon  which  thepieees  of  coal  are  regulariy  placed  inclin* 

iDg  to  each  other.    Crcatcareis  taken  to  place  each  piece 

Upon  the  ground  layer  on  its  acutest  angle,  in  order  that 

die  least  surfSKse  possible  may  come  in  contact  with  the 

ground.     By  this  means,  large  interstices  are  preserved 

fix*  the  admis^on  and  regular  communication  of  the  air 

necessary  to  excite  and  efieot  complete  ignition. 

The  quantity  of  coaks  charred  in  cxie  heap  or  hearth,  is 
various  at  different,  and  even  at  the  same  works.  Forty 
tons  of  coals  is  amongst  the  smallest  fires,  and  some 
heardis  again  will  admit  of  80  or  100  tons.  The  length 
of  the  fire  is  in  {HX^)ortion  to  the  quantity  of  coals  built : 
the  Ixieadths  and  heights  are  also  subject  to  no  determmate 
standard ;  but  are  fit^m  SO  to  50  inches  high,  and  fix)m  9 
to  16  feet  broad.  In  building  each  fire,  they  reserve  a  num- 
ber of  vents  reaching  fit)m  top  to  bottom,  into  which  the 
burning  fiiel  is  introduced.  This  Is  immediately  covered 
by  small  pieces  of  coal  beat  hard  into  the  aperture :  these 
lepress  the  kindling  fire  firom  ascending,  and  oblige  it  to 
jeek  a  passage  by  creeping  along  the  bottom,  which  is 
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most  exposed  to  air.  In  tliis  progress  the  fire  of  each 
meets,  and,  «hen  united,  rise  gradually,  and  burst  fiaith 
on  all  sidt  s  at  once. 

If  tlic  coal  contains  pyrites*,  the  combustion  is  allowed 
to  continui;  a  consid^-rable  lime  after  the  disappearance  rf 
smoke  ;  the  sulphur  then  becomes  disengaged,  and  part 
of  it  is  found  in  flowers  upon  the  surface  of  the  heap.  If 
tliecoal  is  free  from  this  hurtful  mixture,  tht-  fire  is  cova- 
ed  up  in  a  short  time  after  the  smoke-  disappears ;  begin- 
ning at  the  foundation,  and  proceeding  gradually  to  the  top. 

The  length  of  timi;  necessary  to  produce  good  codu 
dependa  upon  the  nature  of  the  coal  to  be  coaked,  and 
the  state  of  the  weather.  In  50,  60  to  70  hours  the  fire 
is  generally  completely  covered  over  with  the  ashes  of 
cliar  formerly  made :  the  coaks,  thus  entirely  secluded 
from  air,  soon  cool,  and  in  12  or  14  days  may  be  drawn 
and  wheeled  to  the  furnace. 

It  is  widi  pit-coal,  in  a  great  measiue,  as  with  wood,  in 
the  process  of  charring.  Coals  do  not  always  afford  a 
weight  ol'  coaks  in  proportion  to  the  quantity  of  carbon  in 
the  coal.  It  depends  more  upon  the  capabiUty  of  the  coal 
to  resist  the  waste  occasioned  by  combustion,  supported 
by  external  air,  tlian  upon  the  real  quantity  of  carbcm  in- 
herent in  the  coal ;  as  may  be  seen  by  comparing  the  loss 
of  weight  wliich  coals  undei^  in  the  lai^  way,  and  the 
results  obtained  from  the  same  coals,  by  burning  diem  un. 
exposed  to  external  air  in  the  small  way, 

The  loss  sustained  in  coaking  coals  fit  for  the  purpose 
of  manufocturing,  or  smelting  iron,  is  found  to  be  nearly 
as  follows : 

2340  pgimds  of  free  coals  -  yield  7001bs.coAkE, loss  lS40lb»- 
3240  -  -  of  splint  and  free  coal  mixt  8 40! lis.  coaks,  loss  I400lb»' 
5240  -  of  splint  slightly  nuxljicld  lootilbs.  coaks,  loss  ia40ll>»- 
3240    -    -  of  pure  splint        -        -      I  loo     -       -     lo9s  111 

•Iron  combined irith  sulphur.       T.  C 


This  great  wright  thus  lost  is  chiefly  carried  off  in 
nmoke.  If  a  vessel  is  [daced,  filled  with  cold  water,  in 
Ifae  midst  of  one  of  these  massy  ccdumns  of  vapour^^befoare 
the  fire  has  penetrated  to  the  surface  of  die  heap,  a  consi* 
derable  quantity  of  tar  will  condense  upon  its  external  sur- 
&ce :  thb  will  continue  to  increase  till  such  time  as  the 
ivatar  wnunes  the  temjierature  of  the  smoke.  At  many 
iiODWorksfix>m  300  to  lOOOtonsof  coals  are  thus  weekly 
reduced  to  cinder.  What  a  prodigious  quantity  of  bitu- 
minous vapour,  surcharged  with  tar,  ammoniac  and  oil, 
Bmst  for  the  present  be  lost !  If    (Mushet.) 

Pitcoal  contains  always  an  empyreumatic  oil,  moisture, 
carburetted  hydrogen  or  coal  gas,  and  ashes ;  and  fine« 
qoently  sulphur.  The  quantity  of  oil,  moisture,  and  gas 
can  be  ascertained  by  distillation ;  the  quantky  of  mcom* 
bnstible  matter  or  ashes,  by  burning  the  coal  in  contact 
with  air ;  the  quanti^  of  saline  matter  in  the  ashes  by 
fixiviation,  filtration  and  evaporation.  The  quantity  of 
combustible  matter  in  coal,  can  be  found  out  by  reducing 
100  grains  into  powder,  also  100  gnuns  of  pure  salt  petre 
into  powder :  throw  by  small  quantities  (a  grain  or  two) 
Iftatime,  first  the  coal,  and  immediately  after  the  salt  pe- 
tie  into  a  red  hot  crucible.  The  salt  petre  will  deflagrate 
wiiile  there  is  any  inflammable  matter  to  decompose  it  : 
fAxn  the  deflagration  ceases,  the  quantity  of  inflammable 
matter  may  be  determined  by  the  quantity  of  salt  petre 
employed.  Lampblack  may  be  used  as  a  standard,  for  it 
contains  of  ashes  not  more  than  one  part  in  about  250, 
The  ashes  in  coaks  vary  Srom  3  to  45  per  cent.  Hence 
it  b  manifest  that  the  coal  meant  to  be  employed  ought  to 
be  analysed  before  they  are  used ;  to  ascertain  1st  what 
quantiQr  of  coak  can  be  obtained  fix>m  a  certain  ^veight  of 
coal :  21y.  what  quantity  of  ashes  or  incombustible  mat» 

t  Tlu8  is  the  basis  ot  Lord  Dundonald's  patent  for  collecting 
coal  tar.  Beoher  as  early  as  the  reig^  of  Ch.  1st  had  sug^ste4 
the  propriety  of  saying  these  products.    T.  C 
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tar  the  coaks  cont^ :  3ly.  what  quantity  of  carbon  ihcf 
contain.  Argillaceous  and  siliceous  iron-stone  require 
more  fuel  than  the  calcareous  kind.  Some  calculations 
of  Mushet  tend  to  shew  that  upon  the  average  of  inn- 
stones  when  roasted,  1  cwt.  of  the  stone  will  require  1  cwt 
of  \vell  burnt  coaks,  and  that  every  ton  of  iron  produced^ 
consumes  upwards  of  2 1-2  ton  of  good  coaks,  and  672,000 
cubic  feet  of  atmospheric  air,  at  300  cubic  feet  per  lb.  of 
Iron.  5  Ph.  Mag.  366.  Doubtless  the  wetter  die  ore  isi 
and  the  damper  the  cinder  is,  the  more  coal  is  wastied* 
1  lb.  of  well  bjjmt  coaks  when  laid  in  water,  will  take  up 
nearly  two  ounces  of  water  in  an  hour's  time :  this  will 
require  additional  fuel  to  evaporate  it ;  but  that  b  not  all ; 
fen*  as  water  contains  so  very  large  a  proportion  of  its  bulk 
of  oxygen  (upwards  of  85  per  cent.)  it  is  manifest  that  t!u8 
oxygen  or  the  greater  part  of  it,  will  combine  with,  and 
waste  its  due  proportion  of  carbon  cm*  charcoal,  and  font 
carbonic  acid  gas,  which  requires  in  its  formaticm  28  3-4 
per  cent,  of  carbon.  I  say  the  greater  part  of  the  oxygea 
of  the  water ;  because  one  part  of  it,  will  be  employed  in 
f(»tning  carburetted  hydn^en  with  the  hydrogen  erf'. the 
water,  and  bum  away.  Still  the  waste,  as  it  seems  to  mti 
must  be  very  great. 

It  is  manifest  also,  that  the  heat  given  out  is  not  (other 
things  being  equal)  exactly  in  propcntion  to  the  quanti^ 
of  carbon  in  the  fuel.  Thus,  I  have  generaUy  understood 
that  the  charcoal  of  oak  gives  more  heat  than  the  charcoal 
of  pine,  but  by  Mr.  Kirwan's  experiments  the  proportidi 
of  inflammable  matter  in  pine  charcoal,  is  beyond 
that  of  oak.  Grains  of  charcoal  necessary  to  alkalize  100 
grains  of  niti'e. 
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i-  Ovens.  As  the  success  of  several  manufectures 
dirpcnda  on  the  procuring  good  coak,  I  feel  pleasure  iiv 
having  it  in  my  powcTto  furnish  a  description  of  the  kind 
of  oven  made  use  of  in  the  north  of  England  for  coaking 
Ibe  refuse  small-coal,  wliich,  before  the  adoption  of  this 

;hod,  was  entirely  unless. 
;At  the  duke  of  Norfolk's  colliery-  near  Sheffield,  seve- 

of  these  ovens  are  built  on  the  side  of  a  hill,  occupying 
spiiccs  formed  within  the  bank.  Each  oven  is  a  circular 
building,  10  feet  in  diameter  within,  and  the  floor  laid 
with  common  brick  set  edgeways.  The  wall  of  the  oven 
rises  19  inches  perpendicular  above  the  floor,  and  the 
whole  is  then  covered  with  a  brick  arch  which  rises  3  feet 
5  inche^s  more,  forming  nearly  a  cone,  whose  base  is  10 
feet,  and  whose  apex  is  2  feet,  if  measured  within.  This 
opening  of  2  feet  at  the  top,  is  left  for  the  convenience  of 
supplying  the  oven  with  coal,  and  to  serve  as  a  chimney 
during  the  process.  Tlie  whole  height  of  the  building 
&x)m  llie  floor  is  five  feet,  and  the  wall,  which  is  18  inches 
in  thickness,  is  built  with  good  brick,  and  closely  laid, 
Ihal  no  air  may  get  in  through  any  part  of  the  work. 

TIk  floor  is  elevated  three  feet  above  the  ground,  for 
the  convenience  of  placing  a  carriage  imder  the  door- way 
to  receive  the  coak  as  it  is  raked  from  the  oven.  When 
the  oven  is  tlius  finished,  a  strong  perpendicular  wall  of 
common  unhe%vn  stone  is  throuii  round  it,  of  about  20 
mches  in  thickness,  and  ciirried  up  the  whole  height  of  the 
oven,  forming  a  complete  square.  The  four  comers  be- 
tween the  circular  building,  and  these  outward  walls,  are. 
then  filled  ivitli  soil  or  rubbish,  and  well  rammed  to  give 
greater  firmness  to  the  work,  and  the  more  effectually  to 
e.-.clndc  atmospheric  air. 

When  dieae  o\ens arc  once  heated,  the  work  goes  on 
m^  and  day  without  interruption,  and  without  any  fur- 
expense  of  fuel.     It  is  conducted  thus : — Small  re- 
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fuse  co:!l  is  thrown  in  at  the  circular  opening  on  the'lbp, 
siilltcieiU  to  fill  iht  oven  up  to  the  springing  of  tlie  ardi ; 
il  Isthcn  kvL-tltcl  with  an  iron  mke,  and  tlic  door-way  buHt 
up  witli  loose  bricks.  The  heat  which  the  oven  acquires 
in  the  former  operation  isahvays  sufficient  of  itstlf  to  light 
up  the  new  ch;'j^ ;  tlie  combustion  of  which  is  accelerat- 
ed by  the  atmospheric  air  that  rushes  in  through  tlie  joints 
of  the  loose  bricks  in  the  doorway.  h\  two  or  three  houn 
the  combustion  gets  to  such  a  height,  thai  they  find  it  tte*  ■ 
cessary  to  check  the  influx  of  atmospheric  air:  tJie  dooF^ 
way  is  therefore  now  plastered  up  with  a  mixture  of  wet 
soil  and  sand,  except  the /o/>  row  of  bricks,  which  is  left 
unpkistcred  all  night.  Next  morning  (when  the  cha:^ 
has  been  in  24  hours)  this  is  completely  closed  also ;  but 
the  chimney  remains  open  till  die  flame  is  gone,  which  b 
generally  quite  off  in  12  hours  more;  a  few  loose  stones 
are  thai  laid  on  die  top  of  die  chimney,  and  closely  cover- 
ed up  with  a  thick  betl  of  sand  or  earth.  All  connexion 
with  the  atmosphere  is  now  cut  off,  and  in  this  situation 
the  whole  remains  for  12  hours,  to  complete  the  operatitm. 
The  doorway  is  then  opc-ned,  and  dje  coaks  are  raked  out 
into  wheelbarrows,  to  be  carted  way.  The  whole  takes 
up  48  hours ;  and  as  soon  as  the  coaks  are  removed,  the 
ovens  are  again  filled  with  coal  for  another  burning.  Abcut 
2  tons  of  coals  are  put  in  for  each  charge.  These  coaks 
are  jjonderous,  extremely  hard,  of  a  hght  grey  colour,  and 
shine  with  metallic  lustre.  They  are  used  indiose  maiu^ 
factures  that  require  an  intense  heat. 

Wlicn  coak  is  required  to  be  more  of  the  nature  of  char- 
coal, tlie  process  is  conducted  in  a  different  manner.  The 
small  coal  is  thrown  into  a  large  receptacle  similar  to  a 
baker's  oven,  previously  brought  to  a  red  heat.  Here 
the  door  is  constandy  open,  and  the  heat  of  die  oven  i*- 
sufficient  to  dissipate  all  die  bitumen  of  die  coals,  the  dis— 
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^  of  "vduch  18  promoted  by  fitquehtly  stirring 

viUia  long  iron  rake.  The  coak  from  tbeae  oirens^ 
dioug^  made  with  thesame  kind  of  coal,  is  very  di&reot 
fiom  thatproduoed  by  the  former  operation ;  this  being 
intensely  black,  very  porous,  and  as  light  as  pumice-stone, 
t  aia  indebted  to  Mr.  Curr,  steward  to  his  Grace  the 
Duke  of  Norfolk,  for  these  particulars,  who  very  politdy 
tttoided  me  throu^  the  works  in  the  year  1802,  and  as- 
sistod  me  intakiiig  die  liecessaiy  measurements,  &c; 
Ptfke's  Chem.  Cat.  4th  ed.  p.  443. 

Dr.  Watson  (2  Essays,  318,  et  seq.)  nieii^ons  the  fd« 
lovnng  results  of  a  distillation  of  90  ounces  of  Newcastki 
coal  (bituminous)  dry  oak,  box,  mahc^any  and  sEalloW 
wood. 

MlewcoMtte        oak,  b&x,    inahogQ"  MaUoii:  produce, 

coai,  ny, 

m.     13  37|  6\i         33i  48  liquid 

56  30  264        37»  3^»  Charcoal 

S8  38|  8          35  372  LoMinaif. 

h  uH  cases  the  nature  of  the  liquid,  of  the  charcoal,  and 
&e  loas^  is  nearly  alike.  The  liquid  consists,  1st.  of  an 
oiijr  matter  swimming  at  the  top  :  2dly.  of  an  acid  watery 
Biud.  In  France,  this  liquor  has  been  converted  into  vine- 
gur,*  when  procured  Irom  wood.  Dr.  BoUman,  of  Phila- 
ddphia^has  succeeded  in  repeating  the  experiment.  3dly« 
I  more  heavy  tenacious  oil.  The  liquor  procured 
fiom  the  distillation  of  pit-coal,  has  a  stronger  odour,  is 
more  empyreumatic  than  that  from  wood.  The  air  in 
bodi  cases,  is  carburetted  hydrogen,  or  the  modem  coal 
gtt.  Four  ounces  of  Liverpool  coal  yielded  me  19 
quarts  of  this  gas ;  4  oz.  of  fine  saw  dust,  yielded  some- 
^t  above  12  quarts.  These  facts,  with  the  additional 
<»>es  of  the  manifest  transition  from  perfect  wood  to  per- 
^coal  in  thesame  piece,  as  I  remember  to  have  seen  at 
^^^hitehavcn,  leave  no  doubt  in  my  mind,  of  coal  having 
t^cen  originally  wood.    The  turpentine  (or  spirits  of  tur-« 
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cavity  of  the  furnace  which  is  of  a  conical  figure,  thirty 
feet  high,  and  three  feet  diameter  at  the  top ;    from  this 
part  it  enlarges  into  a  fiinnel  shaped  chimney  about  eight 
feet  high  and  sixteen  in  diameter  at  its  mouth.     The  lir 
ning  from  the  hearth  to  the  top  of  the  boshes  is  composed 
of  large  blocks  of  quartz  grit,  and  that  of  the  cavity  of  the 
furnace  is  formed  of  fire  bricks  13  inches  long,  and  three 
inches  thick.     About  two  feet  above  the  hearth  is  a  round 
aperture  called  the  Tuyere^  (Tweer)  made  in  one  of  the 
Mdes  of  the  crucible  to  admit  the  extremity  of  the  blast 
pipe,  through  which  tlie  air  in  a  high  state  of  compression 
is  forced  into  the  furnace ;  and  at  the  bottom  of  the  crucible 
is  an  aperture  through  which  the  scoriae  and  melted  me- 
tal are  fix)m  time  to  time  discharged.     A  furnace  of  this 
construction,  if  it  meets  with  no  accident,  may  be  kept  in 
constant  work  for  tlirec  years  or  more,  without  requiring 
any  repairs. 

The  furnace  is  charged  at  the  chimney  by  regular  inter- 
vals with  coak,  iron  ore,  and  limestone  in  the  proportion- 
of  about  4  of  the  first,  3  1-3  of  the  second,  and  1  of  th^ 
tMrd,  by  wei^t,  care  being  taken  so  to  regulate  the  frc-' 
quency  of  the  charges,  as  that  the  furnace  shall  be  always 
fiill  nearly  to  the  top  of  the  great  cavity.  The  density  <•» 
the  blast  and  the  form  of  the  discharging  pipe  are  ordereiO 
so  that  the  chief  focus  of  heat  is  about  the  bottom  of  4^ 
boshes ;  hence  the  ore  has  to  descend  about  38  feet  per'— 
pendicular,  before  it  arrives  at  the  place  where  the  fusios^ 
ise&cted.  This  does  not  happen  in  less  than  48  hour^ 
so  tliat  the  ore  is  aU  this  lime  in  a  state  of  cementation 
a  high  temperature  in  contact  with  the  burning  fuel,  aik 
in  consequence  is  almost  saturated  with  carbon  when 
reaches  the  hottest  part  of  the  furnace.  Being  arrived 
tliis  place,  the  limestone  flux,  and  the  earthy  particles 
tlie  coaks  and  ore  run  do\vn  into  a  sl^,  the  iron  is  al 
tnelted  and  more  or  less  decarbon^pod,  and  in  part  oxyd^ 
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ted  l^  tfie  blast  inversely  according  to  the  proportion  of 
fuel  with  whidi  it  is  mixed  (for  the  oxygen  of  the  air  by 
prelerence  unites  with  the  loose  c:irbon  of  the  coaks,  ra- 
ther than  with  that  which  has  combined  with  the  iron). 
The  fluid  mass  soon,  sinks  doivn  below  the  influence  of 
de  bbst,  and  nlule  it  n.'m.iins  in  quiet  at  the  bottom  of  die 
fijniacc  the  globules  of  irun  are  precipitated  from  the  sk^ 
in  which  they  were  cnvelojK-d,  and  occupy   tlie-  lowest 
[Aice,  while  the  covering  of  scorise  thus  inter|)osed  Ik. 
I     twcen  the  metal  and  that  portion  of  the  blast  wtuch  is  rc- 
I     Bected  downwards,  prevents  it  from  siiffi-Tii^  any  further 
loss  of  carbon.     In  proportion  as  the  melted  matter  accu- 
mulates, the  Sag  l»eingthciippermost,  flows  out  at  the  aper- 
ture madefor  this  purpose,  aiid  the  ir<m  b  let  out  atregular 
intervals  into  furrou-s  made  in  sand,  where  it  forms  What  is 
Called  pig  iron,  or  into  a  large  reservoir  when&e'it  is  poured 
b^  means  of  ladles  into  moulds,  fcmning  all  die  various 
articles  of  cast  iron  ware,  from  cannons  and  steam  engine 
^'linders,  to  fire  grates  and  common  irCHi  pots.     ( Aikihs.) 
Figure  1,  (Plate  1.)  represents  a  blast-fumace,widi  part 
of  the  blowing- machine.     (Mushet.) 
A,  the  regulating  cylinder,  eight  fi."et  diameter  and  eight 
;  high. — B,  the  floating  pistonj  loaded  ^vith'  weights 
tionate  to  tlie  power  of  the  machine.—^,  the  valve, 
Ich  the  air  is  passed  from  the  pumping  cylinder  mto 
tator :  its  length  26  inches,  and  breadth  1 1  inches. 
;  aperture  by  which  the  blast  is  forced  into  llie 
Diameter  of  this  range  of  pipes  IS  inches.  Tlie 
r  these  pipes  can  witli  conveniency  lie  used,  the  less 
ar  the  friction,  and  die  more  powerful  are  the  eflfccts of  tlio 
It. — E,  the  blowing  or  pumping  cylinder,  six  feetdia- 
ler,  nine  feet  high  :  tmvel  of  the  piston  in  this  cylinder 
from  five  to  seven  fect/jer  stroke. — F,  th^  blouing  piston, 
and  a  view  of  one  of  the  valves,  of  which  there  iirc  some- 
times t(vo,  and  sometimes  four,  distributed  over  ihe  sur- 
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£ice  of  the  pisloii.    The  area  of  each  is  proportioaed  to 
the  number  of  valves :  commonly  they  are  12  to  16  inch- 
es.— G,  a  pile  of  solid  stone  building,  on  which  the  re- 
gulating  cylinder  rests,  tind  to  which  the  flanch  and  tilts 
of  the  blowing  cylinder  are  attached. — H,  the  safety-valve; 
or  cock :  by  the  simple  turning  of  which  the  blast  may 
be  admitted  to,  or  shut  off  from  the  furnace,  and  passed 
off  to  a  collateral  tube  on  the  opposite  side. — I,  the  tuyere, 
by  M'liich  the  blast  enters  tlic  furnace.     The  end  of  tbe 
tipered  pipe,  which  approaches  the  tuyere,  receives  smaD 
pipes  of  various  diametci's,  from  two  to  tlirce  inches,  call- 
ed nose  pipes*     These  arc  applied  at  pleasure,  and  as  the 
strength  and  velocity  of  the  blast  may  require. — K,  the 
bottom  of  the  hearth,  two  feet  square. — L,  the  top  of  tht 
heardi,  two  fiset  six  inches  square. — KL,  the  height  of  the 
hearth,  six  feet  six  inclies. — L,  is  also  the  bottom  of  the 
boshea,  which  here  terminate  of  tlie  same  size  as  the  top 
of  the  hearth ;  only  the  former  are  round,  and  the  later 
square. — M,  tlie  top  of  the  boshes,  12  feet  diameter  and 
eight  feet  of  perpendicular  height. — N,  tlic  top  of  the  fur- 
nace, at  which  the  materials  are  charged ;  commonly  three 
feet  diameter. — MN,  the  hitemal  cavitj'  of  the  furnace 
from  the  top  of  the  boshes  upwards,  30  feet  high. — ^NK, 
total  height  of  tlie  internal  parts  of  the  furnace,  44  1-2  feeL 
— -OO,  the  lining.     This  is  done  in  the  nicest  manneir 
witli  firebricks  made  on  purpose,  13   inches  longan^ 
three  inches  tluck. — PP,  a  vacancy  which  is  left  all  nmndL 
the  outside  of  the  first  lining,  three  inches  broad,  mA 
which  is  beat  full  of  coak-dust.     This  space  is  allodvi^fi 
ibr  any  expansion  which  might  take  place  in  consequeapp 
of  tlie  swelling  of  the  materials  by  heat  when  descend^p^ 
to  the  bottom  of  the  furnace. — QQ,  the  second  lining,  si- 
milar to  the  first. — R,  a  cast  iron  lintel,  on  which  the  bot- 
tom of  the  arch  is  supported. — RS,  the  rise  of  the  arch.-^ 
ST,  height  of  the  arch ;  on  the  outside  14  feet,  and  1^ 
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ioet  wide.*— W»  die  extremes  of  the  hearth,  ten  fi^et 

vpiare.    This  and  the  bosh  stones  are  always  made  firom 

ft-oonne  gritted  fieestone,  M'hose  fracture  presents  large 

rounded  grains  of  quartz,  connected  by  means  of  a  ce* 

meat  less  pure. 

^ure  2  represents  the  foundaticm  of  the  furnace,  and 
lihD  ykw  <tf  the  manner  in  which  thefyse  bottom  is  ccm- 
fllnRrtedt 

AA,  the  bottojoi  stcxies  of  the  hearth.  B,  stratum  of 
txdfflng  saiid.  CC,  passages  by  which  the  vapour, 
iflfich  tiiay  be  generated  from  the  damps,  are  passed  off! 
BD,  pillars 'of  brick.  The  letters  in  th^  horizontal  view, 
tffiie^same'figure,  correspond  to  similar  letters  in  the  dot  • 
Id-devatiton. 

•Figure  3,  AA,  hoiizontal  section  of  the  diameter  of 
Ae  boshes,  the  lining  and  vacancy  for  stuffing  at  M«  C, 
new-of-ihe  topbf  thehearthat  L. 

*l^ure4r,Tiertical  side-section  of  die  hearth  and  boshes ; 
ihewii^  the  t}'mp  and  di&m-stones,  and  the  tyxap  dam- 
^pktes.  "O,  the  tymp«stone.  &,  tlie  tymp-plate,  which  is 
ire^ed  firmly  to  tlie  stone,  to  keep  it  firm  in  case  of  split- 
ling  by  the  great  heat- — r,  dam-stone,  which  occupies  the 
liliDle  breadth  of  the  bottom  of  the  hearth,  excepting  about 
V  ^inches,  which,  when  the  funiace  is  at  work  is  filled 
*wry  cast  with  strong  sand.  This  stone  is  surmounted 
by  an  iron  plate  of  considerable  tliickness,  and  of  a  pecu- 
■  tr  -shape,  (/,  and  from  this  called  the  dam-plate.  The 
'tDp<*f  ^c  dam-lfetone  and  plate  is  two,  three,  cm*  four  inches 
"Wfcr  the  level  of  the  tuyere  hole.  Tlic  space  betwixt 
Ik  bottom  of  the  tymp  and  the  dotted  line  is  also  rammed 
of  strong  sand,  and  sometimes  fire-clay.  This  is  called 
tymp-stopping,  and  prevents  any  part  of  the  blast^ 
'from  being  unnecessarily  expended. 

The  square  of  the  base  of  tliis  bla^t-fumacc  is  38  feet ; 
^  extreme  height  from  the  false  bottom  to  the  top  of  the 
crater  is  55  feet. 
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The  furnace  being  finished,  the  bottom  and  sides  of  it,  fbr 
two  feet  up  the  square  funnel,  receive  a  lining  of  commoo 
bricks  upon  edge,  to  prevent  the  stone  from  shivering  or 
mouldering  when  the  fire  comes  in  contact  with  it.     Qa 
the  fixmt  of  the  furnace  is  erected  a  temporary  fire-plaoe^ 
about  four  feet  long,  into  the  bottom  of  wluch  are  laid 
corresponding  bars.    The  side- walls  are  made  so  high  as 
to  reach  the  under  surface  of  the  ty  mp-stone ;  exceptiif 
a  small  space,  which  afterwards  receives  an  iron  plate  of 
one  and  a  half  inch  thickness,  by  way  of  a  cover ;  this  aU 
so  preserves  tlie  tymp-stone  from  any  injury  it  n^ht  sui- 
tain  by  being  in  contact  with  the  flame.    A  fire  is  now 
kindled  upon  the  bars,  and  is  fed  occasionally  with  saoaB 
coals.    As  the  whole  cavity  of  the  furnace  serves  as  a 
chinmey  for  this  fire,  the  draught  in  consequence  is  vio- 
lent, and  the  body  of  heat  carried  up  is  very  con^deraUe. 
In  the  course  of  three  weeks  the  furnace  will  thus  be^ 
come  entirely  fit£  from  damp,  and  fit  for  the  receptioa 
of  the  materials  t  when  this  is  judged  proper  the  fire-plaoe 
is  removed,  but  the  interior  bricks  are  allowed  to  remaiD 
till  the  operation  of  blowing  commences.     Some  loose 
fuel  is  then  thrown  upon  the  bottom  of  the  fumaoef 
and  a  few  baskets  of  coaks  are  introduced ;  these  are  al- 
lowed to  become  thorouglily  ignited  before  more  aife  ad- 
ded. In  this  manner  die  furnace  itt  gradually  filled  ^  somcr 
times  entirely  full,  and  at  other  times  five-eigths  or  threes 
fourths  full.     The  number  of  baskets  full  depend  entirdy 
upon  the  size  of  the  furnace :  tliat  in  the  plate  Mill  contaia 
900  baskets.    If  the  coal  is  splint,  the  weight  of  each  bas- 
ket-fuU  will  be  nearly  llOlb.  x  900  =  99,0001b.  coaks^ 
As  this  quality  of  coaks  is  made  with  a  loss  of  nearly  50 
per  cent,  the  original  weight  in  raw  coals  will  be  equal  to 
1 98,0001b.     When  we  reflect  that  this  vast  body  of  igni- 
ted matter  k  replaced  every  third  day,  when  ^the  furnace 
is  properly  at  work,  a  notion  may  be  formed  of  the  io^ 
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iKue  qdanfily  afmafeeriab  roquiate,  ail  aho  theoQns&s 
qnent  indiistiy  exerted  to  suj^y  one  or  xaatc  fumaoesfcr 
Ae  space  of  one  jrear* 

When  the  fiunaoe  is  sufficiendhjr  heated  tfafoughoiit^ 
apedfie  i|ilaiithies  of  cook^  iron-stone,  and  blasufumace 
cndeft  aie  added :  these  are  called  chaiges.  The  coaks 
arecomnmly  fiUed  m  baskets,  which,  at  all  the  yarious 
hQn*woric8,areneailyofafflze.  The  wdght  (rf*  a  basket; 
homefcr,  Aspcnda  entirely  upon  the  nature  and  quali^  of 
tic  ooal,  hkag  from  70  to  1121b.  eachu*  The  iron- 
MHtt  fiDed  into  boxes,  iidiich,  when  moderately  heaped, 
«tttain56Ib.  of  torrefied  iron-stone;  diey  often  exceed 
ih  when  the  stcoie  has  been  severely  roasted.  The  first 
dirges  wluch  a  furnace  receives,  contain  but  a  smaU  pro- 
firdoiiof  iron-stone  to  the  weight  of  coaks:  this  is  i^{ber- 
mb  increased  to  a  full  burden,  which  is  commonly  4 
fankets  coaks,  S2(Nb. ;  3  boxes  iron-stone,  112ib. ;  1  box 
JblMt-fiimaoe  cinders,  60  or  701b.t  At  new  works, 
ivhore  these  cinders  cannot  be  obtained,  a  similar  quao- 
ri^r  of  limestone  is  used. 

The  descent  of  the  charge,  or  burden,  is  facilitated  by 
opening  the  furnace  below  two  or  three  times  a  day,  ^ 
Aiowing  out  the  cokl  cindeirs,  and  admitting,  for  an  hour 
t  a  time,  a  body  of  fresh  air.     This  operation  is  repeated 
til  the  apprctach  of  the  iron-stone  and  cinder,  which  is 

*  Thu  attme  variety  in  the  coal  renders  it  almost  impossible^ 
vider  one  descriptioii,  to  give  a  just  idea  of  the  proportiou^  used 
utmioUB  blast-furnaces:  to  avoid  being  too  diffuse,  I  shall  con^ 
he  my  description  connected  with  a  coal  of  a  medium  quality,  or 
^  mbctore  of  splint  and  free-coal,  a  basket  of  which  will  weigh 
km  rslb.  to  84lb. 

t  Apreference  at  first  is  always  giren  to  blast^macc  cindera 
b  place  of  lime ;  being  already  vitrifiedy  they  are  of  much  easier 
6i^0D,aiid  tend  to  preserve  the  surface  of  the  hearth  by  glaxiof 
i^orsrwith  abkck  vitrid  crust. 
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ahfays  atihouiiced  by  a  pamal  fusion,  and  the  dr 
cf  feva  through  the  iron-bars,  introduced  to  support  t^^ 
incumbent  materials  while  those  on  the  bottom  ace  can'iUtW 
a#ay«  The  filling  above  is  regularly  continued,  and  iriicn 
die  fllrnace  at  die  top  has  acquired  a  considerable 
of  fattt,  it  b  then  judged  time  to  introdace  the 
plrepoiationsnecessary  for  which  are  the  following :  .*  «\  J 
The  dam-stone  b  laid  in  its  place  firmly  imbedded  m  v 
ii^e-cky;  the  dam-plate  is  again  imbedded  ODtlui.vi|hJ 
die  same  cement,  and  b  subject  to  the  same  incfioiriaiff^- 
on  the  top  of  thb  plate  is  a  slight  depression,  of  a  cvf^jjlljl^ 
Ibrm,  tow£Brds  that  side  fiirthest  dbtant  from  die 
the  purpose  of  concentrating  the  scoria,  and 
to  &m  off  in  a  connected  stream,  as  it  tends  to 
tlie  level  of  the  dam.  From  thb  notch  to  the  levd 
floor  a  declivity  of  brick. work  b  erected,  down 
die  scoria  of  die  furnace  flows  in  large  quantities.  -Thfc 
<^iening  betwixt  the  dam  and  side-walls  of  die 
called  the  Jau/dy  bdien  built  up  with  sand,,  the 


bottom  18  iaamm^ 


with  powdered  lime  or  charcoal-dust.    The  ignitedcMiEt 
are  now  allowed  to  fall  down,  and  are  brou^t 
with  inni-bars  nearly  to  a  level  with  the  dam.    The 
between  the  sUr&ce  of  the  coaks  and  the  bottom  oC  the 
t}'mp-plate  b  next  rammed  kud  with  strong  binding  jMkfe- 
and  these  coaks,  which  are  exposed  on  the  outside,  areoo* 
vered  with  coak«dust.   These  precautions  being  taken,  the 
tuyere-hole  is  then  opened  and  lined  with  a  soft  mistufe  of 
fire-clay  and  loam :  the  blast  is  commonly  introduced  inttr 
the  furnace  at  first  with  a  small  discharg^ng-pipe,  wlucb 
b  afterwards  increased  as  occabion  may  require.     In  two 
-  hours  after  Mowing,  a  considerable  quantity  of  lava  wiO 
be  accumulated ;  iron  bars  are  then  introduced,  and  piT-' 
'fdrations,  made  in  the  compressed  matter  at  the  bottom^ 
tfaefiirnaoc;  the  lava  is  admitted  to  all  parts  of  the  hei 
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and  soon  tlioroii<^hly  heats  and  c^Uizcs  the  surfaces  of  the 
fire-stone.  Shortly  after  tills  it  rises  to  a  level  \\  itli  the 
notch  in  the  dam-plate,  and  by  its  own  accumulation,  to- 
gether with  the  forcible  action  of  the  blast,  it  flo  \  s  over. 
Its  colour  is  at  first  black ;  its  fracture  dense,  and  ver}- 
ponderous ;  the  form  it  assumes  in  running  oflf  is  flat  and 
branched,  sometimes  in  long  streams,  and  at  other  times 
less  extensive.  If  tlxe  prepiiration  has  been  well  conduct- 
ed, the  colour  of  the  cinder  will  soon  chanjn^  to  white ;  and 
the  metal,  which  in  the  state  of  an  oxvde  formerly  colour- 
ed  it,  will  be  left  in  a  disengaged  state  in  tlu  furnace. 
When  the  metal  has  risen  nearly  to  a  Icxtl  with  the  di\m, 
k  is  then  let  out  by  cutting  away  tlie  liardcned  loam  of 
tfaefiiuld,  and  conveyed  by  a  channel,  made  in  sand,  to  its 
froper  destination ;  die  principal  cliannel,  or  runner,  is 
called  the  ^mv,  the  lateral  moulds  arc  called  th^  pigs. 

In  six  days  after  die  commencement  of  blowing,  die 
iiimaoe  ought  to  Ikivc  ivrouffht  herself  deary  and  have 
acquired  capacit)^  sufficient  to  contain  fmm  5000  to  7000 
iveight  of  iron.  The  quality  ought  also  to  be  richly  car- 
bonated, so  as  to  be  of  value  and  estimation  in  tlic  pig- 
market.  At  this  pcrif  (!,  w  ith  a  cjuallty  of  co.il  as  formtrly 
mentioned,  the  chai'gc  w  ill  have  incrcas.  d  to  the  foUou  ing 
proportions  : — 5  baskc^ts  coaks,  4001b. ;  6  boxes  in)n- 
-stone,  336ib. ;   1  box  limestone,  lOOlb.  (Mushct.) 

In  1  Repertory  of  Arts,  old  series,  is  Mr.  John  Wil- 
kinson's patent  for  a  small  Hiriiaee  for  smeliiiig  iron,  !-)ul 
I  have  not  heard  that  it  v/as  ever  acloptul. 

The  rjrdcles,  Bkist,  Bl<iw,  I'urn.KM*  wvA  Iror,  in  Rccs'^ 
new  Encyclopaedia,  are  well  dn;nn  r.p,  mostly  from  tiuj 
same  sources  that  I  have  n.sorteJ  T(\  jVs  I  ha\'c  rnudc 
little  or  no  use  of  those  articles,  I  refer  to  tiiem  h^re  as 
^"onh  perusing. 

The  next  plate,  is  the  ground  plan  and  outlines  of  tlic 
famace  comnwnlv  u  v^l  in  Pcansylvaui.i.     The  pLi.e  ii 
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self  is  sufficiently  intelligible,  but  the  following  rexnarkf 
may  be  usefully  added. 

Ground  plan  of  the  furnace  30  feet  square. 

Height  from  the  ground  38  feet. 

Height  from  where  the  boshes  begin  to  slant  26  feet. 

Width  at  the  level  of  the  platform  of  the  bodi»^  feet» 

From  the  liearth  to  the  bottom  of  the  boshes  5  feet. 

From  the  hearth  to  the  bottom  of  the  tympan  1^4. 

Declination  of  the  wall,  from  the  bottom  of  the  boshes 
upwards  9  inches  per  foot. 

Furnace  hole  21  inches  at  top,  19  inches  at  bottniTBi/^jin^ 
three  eighths  deep.  .     !^^^ 

The  wall  above  tlie  point  of  the  arches,  is  supporlBS^if 
cross  bars  of  thick  iron. 

Tlie  dam  11  inches  high,  leaving  5  inches  opoi  fioni 
die  top  of  the  dam  to  the  bottom  of  the  tympaiu     .. 

The  hearth  is  bedded  on  15  inches  of  dry  sand. 

Opening  of  the  chimney  at  top  18  inches :  too  apudL 

Some  of  the  vacancies  left  in  the  walls  to  kt  odt^fiie 
steam  (flues  of  6  inches  square)  are  shewn  on  thersplia:' 
they  may  be  filled  up  with  coarse  loose  stone. 

Water  wheel  30  feet. 

Length  of  sliaft  33  feet. 

Width  of  the  wheel  in  the  clear  26  inches. 

Shrouding  3  1-4  inches  by  8  inches. 

The  height  froni  the  hearth  to  the  trundle  head        31     8 

-: firom  the  foundation  to  tlie  hearth,  5     4 

fix)m  the  narrowest  part  of  the  boshes  \    a     «jl 

to  the  widest  part,  J 


of  the  tweer  (tuyere)  from  die  bot-1    -     -^ 

torn  of  the  hearth  J 

Distance  from  the  nose  of  the  tweer  to  die  oj^io*  '>     .     - 

site  wall*  J 

•  The  blast  of  late  years  is  not  thrown  in  quite  horizontally,  but 
a  little  inclining  upwards ;  no  doubt  an  impravemcnt.        T.  C. 
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Feci,  In. 

Diameter  of  the  nose  of  the  tweer  3  in.  by  2 1.2  in. 

drums  6 

Depth  of  the  drums  5 

Strokes  in  a  minute  4  1-2. 

Hearth  from  the  bottom  to  the  boshes  4    8 

Dam  stone  siliceous  grit,  calculated  to  last  about 

^x  months. 
45  cwt  of  ore  to  a  ton  of  metal. 
Charge  of  ore  3201b. 

coal  15  bushels,  each  from  14  to  151lx 
limestone  401b. 
Charges  run  everj-  24  hours :  27  to  28. 
Wages  of  carters,  banksmen,  ore  diggers,  611-2  cents 

per  day. 
'*■  Fillers   76  cents  :    ore   pounders  69  cents : 

guttcrman  53  1-2 cents:  blacksmith 92  cts. 
■■**  Founder  100  cents  per  ton  for  pig  metal  and 

266  1-3  cents  per  ton  for  hollow  ware. 
Charcoal  200  bushels  to  a  ton  of  metal. 

Id  jerecting  a  blast  furnace,  either  sand-stone  tliat  will 
hear  the  fire,  or  fire  brick  should  be  employed.  Sand- 
stone newly  dug  out  of  the  ground  will  be  found  to  con- 
bm  near  ten  per  cent,  of  moisture  imbibed.  If  therefore 
^  furnace  should  require  1000  ton  of  stone,  100  ton  of 
''apour  will  require  to  be  dissipated.  This  can  be  ascer- 
^^lined  by  exposing  a  pound  of  your  stone,  to  a  red  heat 
fcr  two  hours,  weighing  it  before  and  after. 

The  vents  or  flues  to  let  out  the  steam  may  be  repeated 
^ery  4  or  5  feet  high,  and  filled  with  irregular  loose  stone ; 
*Hcy  may  be  6  inches  diameter. 

The  nose  of  the  tuyere,  ought  to  be  kept  well  plaister- 
^d  with  refractory  clay,  else  the  iron  is  very  much  dispo- 
*^  to  bum. 

Of  the  blasif  and  the  mode  of  applying    it.     In  al- 
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moat  every  trial  in  England,  the  produce  of  tlie  fur- 
nace has  been  encreased  by  encrcasing  the  quantity  of 
2ur  in  modem  furnaces,  beyond  the  common  blast  of  the 
furnaces  formerly  erected.  I  believe  the  newly  built  fur- 
naces of  Enjjiand,  have  two  bellows-arches  opposite  to 
each  other,  and  two  air  pipes.  This  not  only  encreases  the 
quantity  of  air  admitted,  but  in  a  considerable  degree  jwe- 
scrves  the  nose  of  tlic  tuyere  from  burning,  and  the  pipe 
need  not  project  so  far  into  the  furnace ;  nor  is  it  found 
that  the  opposite  currents  of  air  obstruct  each  other.  This 
cncrease  of  the  volume  of  air  in  modern  works,  may,  for 
aught  I  know,  be  more  advantageous  in  the  pit-coal  fur- 
naces, tlian  in  the  wood-charcoal  furnaces;  but  I  am 
strongly  inclined  to  think  that  there  is  great  room  for  im^ 
provement  in  this  respect,  even  among  our  charcoal  fiir- 
naces  of  Pennsylvania.  The  following  remarks  of  Mr. 
Roebuck,  one  of  the  owners  and  managers  of  the  Devoa 
iron  works,  are  considered  as  liaving  been  confirmed  by  all 
late  experience.     6  Ph.  Mag.  331. 

"  This  improper  measure,  however,  aflfonded  me  die  q)- 
portunity  of  immediately  putting  in  practice  the  plan  I 
have  mentioned. 

When  one  of  the  furnaces  ^vas  stopped,  the  other 
continued  to  be  blown  by  a  blow-pipe  of  two  and  three 
fourth  inches  diameter,  and  the  produce  of  the  furnace, 
for  several  weeks  thereafter,  was  not  20  tons  of  iron  per 
week  at  an  average.  The  engine  at  this  time  was  making 
^bout  16  strokes  a  minute,  with  a  stroke  of  the  air-pump, 
about  4  feet  8  inches  long ;  but  when  I  altered  the  di- 
'ametcr  of  the  blow-pipe,  first  to  3,  and  immediately  after 
k>  thrtc  and  one-fourth  inches  diameter,  and  regulated  the 
working  r!;c:irs  of  the  engine,  so  as  to  make  a  stroke  of 
five  feet  two  irxches  long,  and  about  19  strokes  in  a  mi- 
nute, on  an  average,  the  produce  was  immediately  incRas- 
jcd.     Tt  continued  to  be,  on  an  avcra<:je  of  nine  months 


I 


Iron.  1S7 

imine^Uately  after  this  improvement,  at  the  rate  of  33  tons 
of  iron  per  week,  of  as  good  quality  as  formerly ;  for 
durii^  this  period,  firom  the  21st  of  November^  1795,  to 
Juljr  30,  1796,  this  one  furnace  yielded  1188  tons  of  iron. 
Nomore  coals  were  consumed  in  working  the blast-engine, 
or  odier  expenccs  about  the  blowing  machine  incurred, 
and  dierefore  no  more  power  was  employed  to  produce 
this  great  effect.  It  is  also  of  much  importance  to  re- 
mofk,  that  the  consumption  of  materials,  from  which  this 
hrge  produce  was  obtained,  was  by  no  means  so  great  as 
fcrmeriy.  The  furnace  required  very  considerably  less 
fidj  less  hrm-stonej  and  less  limestone j  than  ^vere  employ- 
ed to  pixxluce  the  same  quantity  of  iron,  by  the  former 
medxxl  of  blowing ;  and  according  to  the  statements  made 
out  by  the  company's  orders,  as  great  a  change  was  effect- 
td  in  the  economical  jxirt  of  the  business. 

From  the  success  of  this  cxixriment,  so  well  authenti- 
cated, and  continued  for  several  months,  I  am  led  to  be  of 
opinion,  that  all  blast  furnaces,  by  a  proper  adjustment  of 
such  nuchinerj*  as  tliq''  aic  i)ro\ided  will),  might  greatly 
and  advantageously  increase  their  produce,  by  assuming 
dus  as  a  principle,  viz.  "  IViat  with  the  given  power  it  is 
rather  by  a  great  quantity  of  air  thrown  into  the  furnace^ 
with  a  moderate  velocity^  than  by  a  less  quayitity  tlwown  in 
with  a  greater  velocity^  that  the  greatest  benefit  is  derived^ 
in  the  smelting  ofiron*stonesy  in  order  to  produce  pig-iron. ^^ 
However,  it  is  by  experiment  alone,  perhaps,  that  wc  can 
be  enabled  to  find  out  the  exact  relations  of  power,  velo- 
city, and  quantity  of  air  requisite  to  produv:?  a  maximum 
of  effect/' 

FcMtnerly  in  England  as  in  this countrj*,  when  chaiv.oal 
^vas  used,  many  of  the  furnncc-s  were  mere  bloomerics, 
Worked  by  liand- bellow  s,  or  a  small  walci'-ijowen  Then 
^veie  introduced  wooden  dnmis,  sti-ongly  hooped,  with 
*fet\'  valves  or  snorts,  still  very  common  in  America*  and 
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worked  by  a  water  wheel.  To  these  succeeded  as  ft  great 
improvement  in  England,  cast  iron  cylinders,  in  which  a 
piston  is  worked  by  the  power  of  a  steam  engine,  (fbr  in 
that  country,  vton  works  are  very  commonly  put  into  cpe- 
radon  by  the  power  of  steam)  of  late  (that  is  within  these  15 
jrears)  the  mode  generally  pursued  of  equalizing  the  blast, 
is,  by  means  of  a  column  of  water.  Lurge  iron  chests  are 
inverted  in  water,  and  the  water  between  the  outside  coo* 
taining- vessel,  and  the  in^de  inverted«> vessel,  into  which 
the  air  b  thrown,  serves  to  give  by  the  re-action  of  ita 
we^t  an  equal  pressure  to  the  air  thus  thrown  in,  and 
which  b  again  conveyed  from  the  inverted  chest  iitto  tl» 
tuyere.  On  this  subject,  I  give  the  following  essay  finam 
6  Phil.  Mag.  60, 113. 

**  When  it  is  considered  that  in  the  smelting  operatiGa 
the  reduction  of  immense  quantities  of  materials  is  efibd* 
ed  by  a  compressed  current  of  air  impelled  by  the  whok 
power  of  a  blowing  machine,  tlie  consequences  of  tlie 
change  of  air,  either  in  quantity  or  quality,  must  be  vciy 
obvious :  when,  farther,  we  contemplate  the  metal  calkd 
into  existence  by  means  of  combustion  thus  excited; 
when  we  consider  iron  as  having  the  most  powerful  affini- 
nity  for  the  base  of  that  part  of  the  air  which  maintaiai 
combustion;  and  when  we  view  the  debased  slate  to 
which  the  metal  is  reduced  by  coming  into  improper  contact 
with  it,  we  must  conclude,  tliat  the  application  of  blast 
in  the  manufacturing  of  iron,  calls  for  the  most  minute 
and  thorough  invest^tion.  In  order  to  take  a  compter 
iK^nsive  view  of  this  subjt:ct,  the  following  ^vision  viD 
be  requisite : — 

1st,  The  intimate  connection  which  the  quanti^  of 
blast  bears  to  the  area  of  the  internal  cavity  of  the  fumaoCf 
and  to  the  nature  of  the  pit-coal. 

2d,  The  various  modes  by  which  air  is  procured,  and 
how  these  respectively  affect  the  quality  of  the  air« 
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3d,  The  various  changes  to  which  ab*  Is  subjected  by  a 
rtioge  of  temperature  in  the  atmosphere,  with  the  c&nsfc 

.     quint  effects. 

■      4th,  How  far  increased  or  diminished  velocity  and  com- 

r  jaosion  alter  the  results  of  the  iumace. 

5th,  The  form  and  diameter  of  the  discharglng.pipe. 
1st,  Then,  in  the  construction  of  a  bliist-funiiice  and 
blotting-raachine,  the  quantity  of  air  to  lie  used  ought  to 
depend  upon  the  internal  dimensions  of  die  former ;  which* 
again,  ought  to  be  formed  according  to  the  qualitj-  of  the 
pit-coal.  Upon  the  softness  ta^  It  Jdiiess  of  the  coul,  oug^ 
mure  immediately  to  depend  the  height  of  the  blast-fur- 
nace. This  necessary  precaution  lias  given  rise  to  a  vast 
t-driety  of  furnaces,  of  different  capacities,  from  30  to  50 
fct't  in  height,  and  from  9  to  16  feet  diameter  at  the  bosh- 
es. Furnaces  from  30  to  36  feel  are  used  for  the  softer 
qualities  of  coal,  such  as  a  mixture  of  free-coal  and  splint. 
Furnaces  Irom  36  to  45  are  appropriated  to  the  burning 
of^tUnt-coal  coaks;  and  in  Wales,  such  is  the  superior 

,    droigth  and  quality  of  the  pit -coul,  that  the  furnaces  ad* 
But  of  being  reared  to  the  height  of  50  feet. 

These  vwious  qualities  of  coal,  it  has  been  formerly 
lihcwn,  ha^'e  appropriate  weights  ol'  iron-stone,  and,  to  use 
the  language  of  the  manufactorj',  are  capable  "  of  supptnt- 
'«%  a  greater  or  lesser  burden  of  mine."  The  former  qua- 
Wes  admit  not  of  having  the  air  discharged  in  great  quun- 
li^,  unless  it  is  impelled  under  an  uncommon  degree  of 
BOinpression  and  consequent  velocity  incompatible  witl| 
^operations  of  a  steam-engine.  The  reason  is  obvious : 
when  air,  loosely  compressed,  or  comparatively  so,  is 
Ihfown  into  a  body  of  ignited  fuel,  the  mechanical  struc 
Uire  and  continuity  of  whose  p;irticles  are  soft,  the  air  is 
"iuch  more  easily  decomposed ;  the  ignition,  of  course, 
•i  mort  rapid  :  the  descent  of  the  materiuls  is  promoted 
^ond  their  proper  ratio,  and  long  before  the  carbona- 
R 
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ceous  matter  lias  penetrated  the  ore,  or  united  to  die  melali 
to  constitute  fusibility.  I  shall  adduce  an  example,  as  b6 
ing  most  illustrative  of  this  doctrine. 

Sjpp  8.  a  b!ast*rumace,  35  feet  high,  11  fieet  wide  At 
the  boshcSy  properly  burdened,  and  producing  No»  1,  pig^ 
iron.     Let  the  discharge  of  air  be  supposed  equal  to  m. 
pressure  two  and  a  half  pounds  upon  the  square  inch,  or 
equivalent  to  l-6th  of  the  atmosphere,  or  5  inches  of  mer* 
pury :  under  these  circumstances  let  it  farther  be  suppos- 
ed, that  1500  cubical  feet  of  air  are  dischai^ed  in  one  min- 
ute ;  and  that  the  diameter  of  the  discharging-pipe  is  2*625^ 
the  area  of  which  is  equal  to  6*890625  circular  inches. 
Let  the  discharging-pipe  be  increased  to  3  inches  diame-^ 
ter,  and  let  the  same  quantity  of  air  be  passed  into  the  fur* 
nace ;  it  is  evident  that  as  the  area  of  the  discharging-pqc 
is  increased  to  9  circular  inches,  or  nearly  l-3d  more  than 
formerly,  the  compression  of  air  must  be  proportionalljr 
diminished.  This  alteration  is  soon  perceived|by  its  eflfeds; 
tlie  quantity  of  scoria  increases  from  the  furnace,  whilst 
the  consumption  of  the  materials  above  is  also  considen* 
bly  augmented.     In  a  few  hours  the  scoria  will  have  un- 
dergone a  complete  change,  from  pure  white,  enamdkd 
witli  various  blue  shades,  to  a  green,  brown,  or  black  co- 
lour, considerably  charged  with  the  oxyd  of  iron**     Tlie 
same  effects  will  continue,  in  greater  or  lesser  d^ree,  tiQ 
all  the  mataials  are  reduced  which  were  existing  in  the 
furnace  atthc  period  of  diminished  compression.  Thejdii- 
losophy  of  this  fact  may  be  accounted  for  in  the  following 
manner  :— 

While  the  just  association  of  proportions  remained,  thfc 
air  was  discharged  under  such  a  degree  of  compression  as 
to  excite  proper  combustion :  the  decomposition  of  the 
air  by  means  of  the  ignited  fuel,  \i^s  not  effected  in  imme'^ 

*  The  metal  will  have  lost  nearly  all  its  carboiii  and  have  beccMBf 
Inferior  in  value  35  to  SO  ficr  cen$* 
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Arte  contact  with  the  separating  metal,  but  had,  by  its 
uncommon  d^ree  of  density,  resisted  decomposition  in 
dK  ignited  passage,  and  had  been  decomposed  upon  the 
ooaks  at  a  greater  elevation  in  the  furnace.  As  a  proof 
oTtUs,  we  frequently  see  a  tube  formed  throughout  the 
breadth  of  the  furnace,  quite  black  and  apparently  cold, 
fanned  of  the  fused  materials :  when  tliis  is  removed,  a 
considerable  descent  momendy  takes  place  of  coaks  heated 
visil^  beyond  the  common  pitch :  tliese  inflame  rapidly, 
but  are  SOCHI  again  cooled  to  blackness  by  the  incessant 
discharge  of  air  upon  them.  The  descending  misture 
tf  iron  and  lava  are  in  like  manner  cooled  around  the  line 
of  blast ;  the  tube  is  agmn  formed,  and,  if  not  removed^ 
will  remain  fcv  days  together^  while  tlie  furnace  will  be 
ctfaerways  working  in  the  best  mannei*. 

When  by  accident  or  design  the  compression  and  velo- 
d^  of  the  blast  are  diminished,  tlie  tube  begins  to  bum, 
nd  throws  off  a  great  many  red  fier}'-coloured  sparks,  the 
adesand  roof  fail,  and  are  carried  before  the  blast  in  all  di- 
rections. Sometimes  considerable  cloats  of  imperfect  iron 
K  recoiled  with  such  violence  as  to  escape  the  vortex  of 
Uast,  and  issue  from  the  tuyere-hole  with  such  velocity  as 
to  inflame  in  the  air,  and  fall  down  in  the  state  of  oxyd.  In 
die  end  the  tuyere  will  appear  to  flame  and  all  the  passage 
inwards  shews  an  astonishing  degree  of  whiteness.  The 
decomposition  of  the  air  is  instantaneously  effected  upon 
its  entering  the  ignited  passage ;  tlie  iron  by  this  means 
is  exposed  to  the  oxygen  that  is  disengaged ;  and  tlie 
Tast  quantity  of  caloric  set  free,  in  consequence  of  its  union 
irith  the  iron  and  carbon,  produces  the  astonishing  heat 
now  visible,  but  wluch  formerly  took  place  at  a  more  pro^ 
per  height  in  the  furnace. 

From  thb  it  will  appear,  that  although  a  greater  apparent 
d^ree  of  heat  is  visibly  produced  by  the  sudden  dccoin- 

position  oTthe  air,  and  a  more  rapid  detctnt  of  material 


for  some  time  is  the  consequtjiice,  yet,  as  Ae  quality  «f 
thi  iron  is  impiiircd,  ;ind  us  in  the  end  the  furnace  irin 
retiini  to  it;,  old  consumption  of  mattrials  ab  to  quan> 
tit}-,  the  effects  of  a  loose  soft  blast  are  conclusively  per. 
nicious. 

It  sometimes  happens,  that  when  a  loose  blast  is  sur- 
charged  with  a  considerable  portion  of  moisture,  or  comes 
in  contact  with  coaks  which  had  been  wet  when  Intro* 
duc^'d  into  the  furnace,  the  inflammation  which  takes  place 
at  the  myere  is  prodigious:  fine  fire-clay  will  be  melted 
dc^n  and  bloivn  to  slag  in  a  lew  minutes;  the  sides  of- 
thf  iumace,  composed  of  very  infusible  fire-stone,  is  next 
attacked,  and  in  a  few  hours  will  be  so  completely  destroy- 
ed as  to  stop  the  working,  and  require  immediate  repair. 
Effects  similar  to  those-  now  described  will  be  feh  when 
Wast  is  improperly  proportioned  to  coal  of  a  stronger  con- 
tinuity of  fracture  and  superior  quality.  Besides  the  t£- 
fccts  produced  by  the  sudden  decomposition  of  iron,  othcn 
of  like  nature  are  produced  where  a  soft  coal  is  used,  a 
small  iumace  and  a  great  discliarge  of  blast. 

It  h;is  been  found  that  crude  iron,  to  be  propei'ly  ml' 
tared,  ought  to  remain  in  the  blast  furnace,  according  tt 
circumsances,  48  to  60  hours  ;  that  is,  from  tlie  jieriod 
that  Uic  iron-stone  is  introduced  till  such  time  as  the  me- 
tal begins  to  occupy  its  place  in  the  hearth  in  a  state  of 
perfect  separation.  When  the  contrary  is  the  case,  the 
mixtures  arrive  at  the  hottest  parts  of  the  furnace  belore 
the  metal  has  taken  up  a  sufficient  quantitj'  of  carbon  froiB- 
the  fuel ;  the  action  of  the  blast,  and  the  immediate  beat 
bj  « hich  the  ore  is  surrounded,  forces  the  iron  from  itt 
connections  to  the  bottom  of  the  furnace.  The  quali^ 
is  dL--C!irbonaied,  and  nduced  in  its  value :  to  reston*  thb 
again,  the  local  portion  of  fuel  is  incrtased ;  this  adds  to 
tht  c.piTiceof  mamificiuring,  and  dimirushes,  in  sOQBt 
ipeasure,  tlie  smeiung-  of  Uk  fomace. 
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\  When  {^pSint'Ooal  eoaks  are  used  in  the  fakst-fhrnace^ 
fte  bi?.s»  ^idmhs  of  being  thro^vn  in  under  the  hig^iest  po»» 
Ak  pitch  of  compression ;  die  uncommon  density  of  the 
diaitoal  sustains  a  very  powerful  iUschai^  of  blast  befcM 
it  b  dissipated  to  fiicilitate  the  general  descent.  Most  fine* 
qoendy, .  hng^  masses  of  diese  cinders  pass  through  die 
irixile  ignitsed  cavity,  arid  are  thrown  out  below,  possess* 
iog  all  the  acoteness  of  their  original  form  and  fracture.  / 
Tbb  quali^  of  coal  is  used  in  all  the  CiuBon  blast-fur.* 
noes,  where,  to  ensure  a  respectable  produce,  the  air  is 
imitsrgoA  under  a  pressure  equal  to  ^  1-4  pounds  njfoa 
Ik  square  inch,  or  6  1^2  inches  of  mercury. 

The  same  quali^  of  coal  was  used  at  the  Devon  irorik^ 
works,  where,  at  one  time,  having  all  the  blast  of  a  48 
kf^  cylinder  engine  thrown  into  cme  furnace,  the  o^mn 
tfmercurysupported  was  upwards  of  7  inches;  tliequan* 
iky  of  air  dischaiged  under  such  an  impelling  power,  I. 
fixmd  to  exceed  2600  cubical  kaper  minute. 

The  coals  used  at  the  Cleugh,  Cleland,  and  Clyde  iron- 
works,  are  nearly  of  the  same  quality  at  each — a  mixture 
of  sjdint  and  soft  coal.  The  Muirkirk  and  Glenbuck  iron- 
works  have  a  coal  diflbnent  from  any  of  the  former,  and  in 
some  particular  spots  it  considerably  resembles  the  £ng- 
lidi  clod-coal. 

Sd,  The  various  methods  of  procuring  air  for  the  blast- 
furnace may  be  reduced  to  the  following : — 1st,  Tiiat  pro- 
cored  by  cylinders,  and  discharged  into  the  furnace  by 
ineans  of  a  floating  piston  heavily  loaded,  and  w(x*kiiig  in 
a  lat^  receiver  or  regulating  cylinder :  2d,  That  wherein 
flumping  cylinders  only  arc  used,  and  the  air  thrown  into 
thests  inverted  in  water,  called  the  water-vatdt:  3d,  That 
mode  wherein  the  air  is  discharged  from  the  pumping  or 
forcin-^  cylinder  into  an  air-ti^ht  house,  called  theair-vault. 
The  first  method  is  the  origimd  mode  of  blowing,  and 
a  «till  much  used  at  those  ircm-woria  whose  erection  has 
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been  prior  to  the  lastfifteen  years.  By  thismode  tfaeqiubr 
lity  of  the  air  is  less  subject  to  alteration  by  a  change  of 
atmosphere.  The  principal  objection  to  this  manna*  of 
blowing,  is  the  want  of  capacity  in  the  receiving  cylinder; 
which  cannot  be  increased  so  much  as  to  take  away  the 
considerable  intervals  which  occur  at  different  parts  of  the 
engine-stroke.  This  efiect  is  sensibly  seen  by  the  speedy 
and  im^ular  ascent  and  descent  of  the  column  of  mercu* 
ly.  In  water  blowkig-machines,  where  the  air  b  raised 
by  three  or  four  cylinders  worked  by  means  of  a  crank, 
where  the  air  is  received  into  an  air-chest»  and  forced  into 
the  furnace  by  the  continual  action  of  the  blast  of  eadi 
iuccessive  cylinder,  the  current  of  air  is  stead} ,  and  sup* 
ports  the  column  of  mercury  with  great  uniformity. 

The  use  of  the  water- vault  has  of  late  years  become  veiy 
general  among  new  erected  works.  Its  properties  are,  a 
steady  and  very  cold  blast  \  the  largeness  of  the  receivii^ 
cisterns  gives  them  a  sufficient  capacity  to  retain  evay 
pound  of  air  raised  by  the  furnace,  and  distribute  it  to  the 
greatest  advantage.  This  is  not  the  case  with  the  floatii^ 
pistons,  where  a  certain  quantity  of  spare  wind  is  thrown 
out  at  every  return  of  the  engine,  lest  the  great  piston  and 
weight  should  be  blown  out  of  the  cylinder  aitf^ether ; 
which,  indeed,  sometimes  happens.  The  only  objecticxi 
which  remains  in  force  against  the  use  of  the  water- vault, 
is  the  tendency  wliich  it  has  to  take  up  a  considerable  por- 
tion of  the  water  in  solution,  and  introducing  it  into  the 
furnace.  A  judicious  amuigement  of  the  conducting- 
pipes  would  in  some  measure  obviate  this,  as  well  as  the 
more  dangerous  tendency  which  water  has  to  rise  in  a  pipe 
speedily  emptied  of  its  air  by  the  stopping  of  the  engine : 
a  stream  of  water  thus  conveyed  to  the  furnace,  would  be 
productive  of  the  most  awful  consequences. 

The  air  afforded  by  tlie  air- vault  is  much  inferior  to 
that  obtained  in  the  former  methods*    This  immense  ma- 
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gtsine  of  eompressed  air  generates  a  coiuidenibk  portion 
of  heat,  which  greedily  seizes  the  damps,  which  are  una- 
tcidablc  in  underground  excavaticms,  and  conv^s  them 
to  the  famace.  The  blast  is,  however,  steady  imd  uni- 
inn ;  and  when  the  inside  of  the  building  is  compieldy 
lecured  against  the  passage  of  air,  it  is  jMxxluctive  of  con«* 
jBdorable  eflb^ts  in^  fiimace.  In.  the  summer  months, 
ll0wever,^  the  air  becomes  so  &r  debased  as  to  afiect  the 
quality  of  the  iron,  and  change  it  fixim  grey  to  ndiite. 
Einerjr  change  in  the  temperature  of  the  atmoqphev&during 
tfib  period,  b  indio^  by  various  changes  in  the  furnaces 

The  largest  air-vault  Intherto  in  use  was  excavated  out 
of  solid  rock  at  the  Devon  iron  works :  the  fissures  of  the 
lock  admitted  considerable  quantities  of  water ;  and  the 
iune  degree  of  damp  would  always  prevent  the  possibility 
of  making  the  side- walls  and  roof  air«tight  by  means  of 
pitch  and  paper,  &c. 

Besides  the  various  natures  of  blast,  as  to  the  strength 
nd  equality  of  the  current  afforded  by  different  modes  of 
Mnstructing  tlie  blowing-machines,  a  variety  in  the  qua- 
lity of  the  air  obtained  b  also  an  invariable  consequence : 
this  is  sufficiently  known  by  the  effects  which  it  produces 
in  the  blast-furnace,  and  ought  to  be  .subject  to  scrupu- 
kxis  exammation. 

In  this,  as  in  other  countries,  larger  products  of  cast 
iron  are  obtained  in  the  winter  months  than  during  the 
summer  and  autumn  seasons :  the  quality  of  the  metal  is 
abo  much  more  carbonated,  and  with  a  less  proportion  of 
fuel.  In  many  parts  of  Sweden,  where  the  summer  heats 
are  intense,  the  manufacturer  b  obliged  to  blow  out  or  stop 
Us  furnace  for  two  or  three  months:  not  only  b  he  unable 
to  make  carbonated  metal,  but  b  frequently  incapable  of 
keeping  the  furnace  in  such  trim  as  to  make  a  produce  of 
imy  quali^  whatever.  In  Britain,  during  the  months  of 
lune^  July,  and  August,  more  especially  in  dxy  seasons^ 
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Ae  quality  of  the  iron^  nith  the  local  propordoa  of  fbd, 
will  be  depreciated  2Qper  cent,  and  the  quanUQr  redoced 
to  2-3ds  o£  3-4ths. 

In  seeking  fhr  a  solution  of  this  universally  acloMiw* 
kdged  £ict,  our  attention  is  naturally  directed  to  an  ex^ 
minaticMi  of  the  various  states  of  air.  The  quality  of  die 
Mr  in  winter  is  more  fit  for  combustion  than  in  sununov 
is  a  tnidi  which  requires  no  fiarther  demonstration.  GreaU 
er  codness,  whereby  an  almost  complete  refiigeration  qf 
Bidsture  takes  place^  and  the  presence  of  perhaps  a  grcaier 
lelative  proportion  <^  oxygen,  may  account  for  this  phe^ 
nomenon.  On  the  contrary,  the  quality  of  air  during  die 
summer  months  becomes  much  contaminated  for  oom^ 
bustion,  by  holding  in  solution  a  much  greater  quantity  cf 
moisture :  the  abundance  of  nitrous  particles  may  also  dip 
minish  the  usual  proportion  of  oxygen. 

This  will  account  ixx  the  inferior  effects  of  combustiott 
lK)tii  in  common  fires  and  inthe  blast-furnace ;  it  will  abo 
in  a  great  measure  tend  to  solve  the  curious  phenomenoi 
of  pig-iron  taking  up  less  carbon  in  summer,  although  le* 
duced  with  a  supericv  quantity  of  fuel.  The  air  disdiaif^ 
ed  most  probably  contains  less  oxygen ;  yet  the  metal  il 
much  less  carbonated  than  at  other  times,  when  axitniy 
proportions  of  these  exist.  Most  probably  the  deficieflt 
carb(m  is  carried  off  by  dissolving  in  hydrogen,  foming 
a  constant  stream  of  hydro-carbonic  gas,  while  the  oxy« 
gen  that  is  set  free  unites  to  the  iron ;  and  while  it  reduoci 
its  quality,  at  the  same  time  the  quantity  is  reduced  by  i 
proportion  of  the  metal  being  lost  in  the  scoria*. 

*  May  not  the  superabundant  azote  of  the  summer  atmo^hw 
produce  part  of  these  effects,  by  dissolving  a  portion  of  the  caibani 
and  forming  carbonated  azotic  gas,  as  has  been  proved  by  M.  Lt* 
voisier  ?     Mushet. 

There  is  no  superabundant  azot  in  a  summer  atmo^ietei  Mr 
any  mtrous  particles.    T.  C» 
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To  correct  these  occasional  imperfections  in  the  quality 
tf  the  air,  and  to  devise  methods  to  procure  air  always  fit 
for  proper  combustion,  ought  to  be  an  object  of  much  con- 
adenition  to  the  manufacturer  of  cast  iron.  Whether 
such  a  consideration  lias  given  rise  to  the  different  modes 
^receiving  and  discharging  the  air  now  in  use,  I  cannot 
Bj^;  I  ratlier  think,  not :  a  greatquantity  ofairliashither- 
lobeenagreaterobject  thana  certain  and  uniform  quality  ; 
md  in  a  country  where  there  is  more  temperate  and  coW 
WUber  than  hot,  it  is  by  far  the  most  important  object ; 
»  unite  both,  however,  \vould  be  an  attainment  of  the 
greatest  utility,  and  would  rank  die  discoverer  amongst 
tk  tvell-deserving  of  his  countrj-.  How  far  the  mechan- 
ism of  our  present  machinery  has  been  adapted  to  the  ex- 
,Tjicies  of  our  atmosphere,  will  appear  upon  examining 
^iK  nature  and  properties  of  the  air,  judged  by  its  efiecta 
upon  the  blast-furnace. 

The  air  produced  by  the  blowing  and  receiving'tylin* 
dcr  is  less  changed,  and  less  subject  to  change,  than  that 
jirodiiced  and  lodged  in  contact  with  a  vast  body  of  air  oc 
water.  If  tlic  blowing-cylinder  is  fixed  in  a  dry  cool  spot, 
Uie  only  difference  which  tlie  air  undergoes  is  an  mcreaac 
€f  temperature;  this  is  so  very  considerable,  that  upon 
CDtmng  the  blowing-cylinder  immediately  after  stopping 
the  engine,  I  have  found  the  thermometer  rise  fifteen  to 
scvcnb^n  and  a  half  degrees  higher  th:m  tlic  surroundmg 
air.  That  this  heat  is  generated  in  the  cylinder  is  un- 
qiKstitMiable ;  but  whether  it  is  occasioned  by  the  fiiction 
of  ih:  piston  leather  upon  the  sides  of  the  cylinder,  or  ex- 
pressed from  the  air  by  its  severe  compression,  I  Iiave  not 
yet  been  able  to  decide.  It  very  probably  arises  from 
both  causes,  although  the  latter  is  sufficient  to  produce  a 
much  greater  degree  of  heat.  WTiat  effect  this  increase 
of  temperature  lias  upon  combustion  i\e  are  unable  to  say, 
as  the  degree  of  heat  accumulated  will  at  all  times  bear  a 
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refereiioe  to  the  temperature  of  the  surrounding  ur,  and  as 
tlicre  is  no  method  likely  to  be  devised  where  heat  would 
not  be  generated  by  tlic  action  of  tlie  particles  of  air  upon 
ciicli  other.  When  the  bulb  of  a  tliermometer  is  hdd  in 
the  middle  of  the  current  of  blast,  as  it  issues  from  the 
discharging.pipe,  a  tem])erature  is  indicated  as  much  low- 
cr  than  the  temperature  of  the  surrounding  air,  as  the  tem- 
perature of  the  cylinder  was  higher ;  and  it  is  most  pro- 
bable that  a  much  lower  degree  would  be  obtained,  woe 
it  not  for  tlic  previous  expression  of  some  heat  in  the  blow^ 
ing-cylindcr.  Upon  the  whole,  I  think,  the  quality  of  die 
air  obtained  in  this  way  of  blowing  unifonnly,  most  fit  Sor 
combustion,  provided  the  numerous  pauses  and  iir^- 
larities  of  the  current  of  air  were  done  away. 

Air  forced  into  the  furnace  under  water  pressure  alwqrs 
contiins  a  considerable  portion  of  moistrue ;  tlie  blast  of 
course  is  colder,  as  it  issues  from  the  discharging-{upe. 
Tlie  temperature  differs  so  much  from  that  of  tlie  external 
air  as  to  sink  the  thermometer  from  54^  down  to  28^  and 
30^.  Such  effects  are  produced  by  air  coming  into  cxmr 
tact  with  water,  that,  although  the  temperature  of  the  at- 
mosphere is  60,  65,  to  70,  yet  the  bhst  at  the  orifice  sel- 
dom rises  above  38 :  the  cold  produced  in  tliis  manner  is 
much  increased  if  the  air  is  surcharged  with  so  much  wa- 
ter as  to  be  visible  in  the  state  of  a  fine  spray.  The  lead« 
ing  feature,  therefc»tJ,  of  the  water- vault,  as  to  its  effixts 
upon  the  ([uality  of  the  air,  seems  to  "indicate  an  almost 
uniform  degree  of  temperature  in  the  blast :  this  can  only 
I^e  occasioned  by  the  warm  air  in  summer  taking  up  a 
greater  ]x)rtion  of  tlie  water  in  solution,  die  escape  of 
w  hich  at  a  small  orifice,  and  under  a  great  degree  of  com- 
pression, produces  the  verj'  great  depression  of  the  ther- 
mometer. I  have  already  hinted  at  the  bad  effects  pro- 
ducttl  by  moist  blasts,  and  sliall,  in  a  proper  phcc,  more 
minutely  atttend  to  tlicm. 
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The  most  inferior  quality  of  air  used  in  the  hiast-fuma  *c 
is  that  thrown  into  the  air- vault,  and  afterwards  exprtbbed 
fbm  thence  by  its  own  elasticity  and  the  successive  strokes 
of  the  engine.  The  capacity  of  such  a  building  is  from 
60  to  70,000  cubical  feet ;  this,  when  filled,  gen'j-ratcs  a 
much  superior  degree  of  heat  to  that  sensible  in  the 
blowing-cylinder.  As  this  heat  is  produced  many  feet 
distant  from  any  mechanical  motion,  it  is  most  evident 
that  it  is  extricated  from  the  air,  and  will  readilv  unite 
inththe  moisture  which  penetrates  tl>e  building:  the 
quality  of  the  air  introduced  into  the  furnace  will  there- 
fcre  be  in  proportion  to  the  quantity  of  moisture  taken  up ; 
dus  will  be  much  more  m  summer  than  in  winter,  as  the 
temperature  of  the  former  exceeds  that  of  the  latter.  The 
sensation,  on  entering  the  air- vault  in  the  coldest  months, 
immediately  after  stopping  the  engine,  is  exactly  similar 
to  that  experienced  upon  entering  a  cro\vded  room  in  the 
hottest  summer  day ;  the  walls  are  covered  ^nth  damp, 
and  the  superior  regions  of  the  vault  readily  obscure  the 
flame  of  a  candle*  The  feeling,  upon  remaining  in  the 
ttf-vault  when  the  engine  is  at  work,  is  less  marked  than 
would  be  expected  where  so  great  a  compression  of  air 
existed ;  the  sense  of  hearing,  owing  to  the  moisture  in 
the  conducting  medium,  is  considerably  im])aircd,  and 
respiration  is  performed  with  some  difliculty ;  the  light  of 
a  candle  is  faint,  and  not  visible  at  the  distance  of  a  few 
feet. 

I  have  explained  the  necessity  of  just  j)roportions  ex- 
isting  betwixt  the  area  of  the  interior  of  tlic  blast-furnace, 
the  quantity  of  air  thrown  in  per  minute,  and  the  quality 
of  coal.  The  various  modes  of  blowing,  and  their  r*s- 
pective  effects,  deduced  from  strict  observation,  were  also 
attended  to.  We  have  now,  Sd,  to  adduce  examples 
^vhere  the  various  changes  of  the  atmosphere,  as  to  h*  at 
and  pressure,  occasion  the  most  sensible  d«fierence  in  the 


quantity  of  materials  consumed,  and  m  the  quaK^  mi 
quantity  of  metal  produced. 

It  has  been  already  demonstrated,  that  the  air  in  winter, 
by  containing  less  moisture,  is  more  proper  for  combus- 
tion, and  more  calculated  to  produce  carbonated  crude 
iron,  than  the  air  exbting  at  any  other  season.  From 
this  superior  quality  the  manufacturer  obtains  advantages, 
which  induce  him  to  wish  for  a  continuance  of  cool  air 
throughout  the  whole  year.  These  effects  are  not,  how- 
ever, umfcam  ;  they  depend  greatly  upon  a  light  or  heavy 
atmosphere.  The  keener  and  more  still  the  air,  the  more 
rapid  the  combustion.  During  a  severe  frost,  the  de- 
scent of  tlic  materials  is  facilitated  from  one  tenth  to  one 
fifteenth  more  than  in  rainy  or  hazy  weather,  and  at  tbc 
same  time  the  quality  of  the  iron  is  ratlier  im|MOved  than 
unpaired.  When  a  change  from  frost  to  snow  or  rain 
takes  place,  the  effects  frequently  become  almost  imnK- 
diatdy  obvious :  the  colour  of  the  flame  at  the  furaace 
head  is  changed  ;  the  tuyere  of  the  furnace  inflames,  mi 
bums  witli  great  violence ;  the  lava,  as  it  flows  fixmi  the 
notch  of  the  dam-stone,  becomes  lengthened  and  tena- 
cious ;  ttic  form  of  it  is  changed,  and  the  colour  under- 
goes the  most  visible  alterations;  the  iron  no  longer R- 
tains  its  complete  saturation  of  carbon,  but  flows  out 
sensibly  impaired  of  its  fluidity,  and,  when  cold,  the  pri- 
vation of  carbon  is  most  evident  bj'  the  examinatioB  rf 
its  fracture. 

When  such  consequences  arise  irom  the  tranMtioo  so 
frequent  in  >vinter  ftt>m  frost  to  thaw,  it  will  be  easily  con- 
ceived that  the  change  effected  during  the  milder  and 
warmer  months  must  produce  proportionally  additional 
cflects.  The  increase  of  temjierature  by  taking  up,  and 
holding  in  solution^  a  much  greater  portion  of  aqueous 
vapour,  \vill  accoimt  for  the  ordinary  effects  which  are  an- 
dually  observable  in  every  work.  Where  these  paniciou? 
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approach  to  extremit}',  a  solution  of  the 
phenomenon  mil  likely  be  obtained  by  the  examination 
of  the  blowing-apparatus.  If  air  is  fitted  for  combustion 
in  proportion  as  it  is  finee  from  watery  solutions,  we  are 
not  to  expect  similar  results  from  these  blast-furnaces  in 
somnier,  which  are  blown  by  air  from  the  regulating  c\'lin- 
defy  and  those  blown  by  air  from  a  water  or  air- vault.  I 
Imve  for  years  seen  this  &ct  verified,  and  supericx*  quan- 
tity and  quality  of  inxi  during  the  hot  weather,  obtained 
fr€m  a  furnace  excited  by  means  of  blast,  from  the  simple 
ifguladng  cylinder,  with  a  less  projportion  of  fuel  than  firom 
fiunaoes  whose  air  was  expressed  by  means  of  the  water 
or  ur-vauh.  Observations  thus  made,  where  every  day 
dR  effects  of  the  diiFerent  m%ms  could  be  jusdy  estimated 
nd  compared,  have  led  me  to  the  following  conclusion : 
Hut  Ae  quaUty  of  the  air,  as  furnished  us  by  nature  in 
our  atmosphere,  is  imiformly  more  fit  for  the  manufacture 
of  crude  iron  to  profitable  account,  when  discharged 
amply  by  meaiis  of  cylinders  and  pistons,  than  when 
brought  into  contact  with  moisture  eitlier  in  the  water- 
mdt  or  air-vault. 

So  imperfect  has  the  quality  of  the  summer  air  been 
faund  in  tlus  country  for  combustion,  where  the  ^vater- 
vault  was  used,  that  experiments  have  been  made  to  re- 
psnr  the  deficiency  of  tfkct  by  introducing  steam  into 
the  furnace  by  means  of  an  aperture  above  the  tuyere. 
The  inducing  motive  to  this  act,  was  a  belief,  tliat  com- 
bustion was  diminished  in  consequence  of  a  diminution 
ctoxygjESi  gas  during  the  summer ;  that,  by  introducing 
upcm  a  surface  of  materiab  ignited  to  whiteness, 
siti(m  would  ensue,  a  larger  quantity  of  oxygen 
would  then  be  presented  to  the  fuel,  and  superior  effix^ts, 
as  to  combustion,  obtained  in  this  manner  than  hitherto 
Hdtnesaed.  The  idea  was  ingenious,  and,  in  its  applica- 
tion to  the  manufacture  of  cwst  iron,  orijs^nal ;    but  the 
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iiindeti^offiKStSylaiddownintlus  andforfi 
as  to  the  effects  of  a  superabundant  quanti^ 
was  overlodked*  The  event  proved  in  the  ] 
plete  maimer,  and  oa  a  great  scale,  the  pemici 
of  moisture.  The  furnace  gradually  beca] 
wliere  the  steam  entered ;  the  heat,  set  free  by  t 
podtion  of  the  water  and  the  disengagement  < 
incfeaaed  to  an  alarming  pitch  a  considerable  i 
fimaoe ;  the  quality  of  the  iron  became  hnXX 
wlufi  in  the.  fracture  as  ^ver ;  the  introduct: 
steam  was  sdll  continued,  the  descending  mati 
jnatantly  robbed  of  their  heat  to  facilitate  the  d 
ytioQ  of  tbewHter^  and  by-and-by  the  furnace  dc 
ly<ivcr,  and  the  experiment  ceased. 

Tlus  experiment,  perfiormed  in  a  furnace  18 
•18  a  complete  proof  that  heat  is  disengaged  fi 
while  tb^  pass  from  the  fluid  to  the  aeriform  s 
,  first  instant  of.  the  discharge  of  steatn,  a  ver 
table  portion  of  heat  would  be  withdrawn  from 
materiab  and  united  to  the  water.  This,  ir 
would  be  igmted  to  whiteness,  and  decomposec 
metals  and  coaks,  in  a  superior  region  of  d 
The  pi^oess  continuing  toe  several  hours,  tlie  i 
.the  tuyere  wereat  last  so  completely  deprived  of 
fay  thecontinual  torrent  of  steam,  that  they  Ic 
eooled  rapidly,  and  at  last  became  black.  H 
qierture  for  steam  and  i<x  air  been  opened  al 
now  entirely  shut  up  by  the  consolidated  ma 
same  eflfects  would  have  been  produced  ;  tlic 
quantity^  of  caldric,  disengaged  by  the  decom 
the  ignited  water,  would  now  ap]xx)ach  nearear 
of  the  furnace,  another  stratum  of  fusing  matei 
againbecome  consolidated,  till  in  the  end  the 
naee  would  be  set  &st  from  top  to  bottom, 
introducticxi  of  steanx  into  tlie  blast  furnace, 
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sach,  or  under  a  superior  degree  of  expansive  force,  the 
following  important  truths  may  be  l^rned :  That  the 
fiantity  of  oxygen  which  enters  into  our  atmospheric 
conqxMmd  is  generally  more  fit  for  the  manufacture  of  the 
superior  qualities  of  crude  iron  than  any  mixture  which 
may  be  fiimishcd  by  the  addition  of  water :  that,  although 
the  decomposition  of  water,  by  furnishing  a  supericx*  quan« 
.  %  of  oxygen^  and  by  throwing  off  a  relative  proportion 
of  caloric,  increases  the  effects  of  combustion  immediately 
m  die  vicinity  of  this  chemical  analysis ;  yet,  as  the  wa« 
Iff  had  previously  abstracted  the  heat  necessary  to  its  de-* 
composition  finom  the  inferior  strata,  a  greater  quantity 
b^  no  means  exists  in  the  furnace.  The  water,  in  fact, 
only  serves  as  a  medium  to  convey  the  heat  fi'om  one  par- 
tionlar  spot,  but,  by  attempting  to  fly  off  with  it,  meets 
decomposition,  and  renders  up  not  only  the  abstracted 
heat,  but  that  which  was  contained  in  the  oxygen  of  its 
decomposition*. 

4th,  The  compression  and  velocity  of  the  air  discharge 
ed  into  the  furnace,  considerably  affect  the  results  of  the 
sudting  operations.  In  the  consideration  of  this  subject 
the  various  qualities  of  coab  will  be  found  to  have  an  in- 
tmate  connection  witli  the  area  of  the  discharging-pipe 
and  the  compression  of  the  blast.  It  has  already  been 
.more  than  once  observed,  that  a  soil  or  mixed  quality  of 
coil  is  more  susceptible  of  combustion  than  cither  the 
splint  or  clod-coal :  the  consequence  of  tliis  is,  that,  un- 
less the  necessary  compression  of  air  is  used,  decompo- 
^ion  is  too  early  accomplislied,  and  the  coaks  become 
oxygenated  by  combustion  in  a  greater  ratio  than  is  pro- 
per for  the  carbonation  of  tlie  metal.  To  avoid  thi$  the 
<^nm  of  air  ought  to  be  discharged,  in  the  case  of  soft 

•The  introduction  of  vapour  or  steam  is  not  weH  understood. 
Ihre  seen  steel  made  by  introducing  steam  to  melted  iron ;  but 
I  do  aot  understand  the  way  in  which  it  operates.-    T.  C. 
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coals  being  unavoidably  used,  under  such  a  d^reee  o£ 
compression,  as  to  resist  entire  decompo^tionin  the  ig- 
nited passage.  In  that  case,  the  iron  does  not  so  imme- 
diately come  into  contact  with  oxygen,  as  the  decon^po- 
sitidn  is  chiefly  eflfected  in  the  superior  strata  dT  the  aqpi- 
rating  materials*  Under  the  fcxmer  circumstance^  ci  i 
loose  unconnected  stream  of  air  being  dirown  uponcoaks 
easily  combustible,  the  quality  of  the  metal,  with  dtt 
same  quantity  of  fuel,  becomes  oxygenated,  the  txrfot 
becomes  fiery,  and  fipequentiy  emits  sparks  of  mctaUk 
oxyd.  The  separating  iron  may  be  viewed  as  it  ooaei 
finom  the  ore  in  small  gobular  masses,  fiequently  on  fin^ 
chai^ng  its  state  to  that  of  an  oxyd.  The  comlnnatiflB 
of  oxjrgen,  by  altering  its  density,  makes  it  subject  to  tfas 
le-action  of  the  blast,  which  at  times  gives  it  a  directkn 
finom  the  tuyere  with  con^derable  violence.  Those  parti 
d  the  iron  (by  iar  the  greatest)  thus  oxydated,  wUcb 
escape  not  at  the  tuyere,  mix  along  with  the  fused  earthi 
of  the  oies  and  limestone,  alter  their  colour,  and  flow  fim 
the  furhace  more  unrevived  than  at  their  first  introductioo. 
It  is,  however,  very  difierent,  even  with  this  infiaiorqaali^ 
^  of  coal,  whexe  the  density  of  the  blast  is  proportkned 
to  the  inflammability  of  the  fuel.  Quahties  and  quantt 
ties  of  crude  iron  may  be  produced  fix)m  this,  equal  to 
those  fixmi  coals  reckoned  of  a  superior  nature.  Themdil 
becomes  as  hi^y  saturated  with  carbonic  prindpk  m 
that  made  firom  clod  or  splint  coal.  The  tuyere  evinces 
tliat  decomposition  is  effected  in  its  proper  place.  The 
.fluid  masses  of  iron,  as  they  become  ex{»iessed  fixim  Ae 
ore,  are  shivered  into  spray,  before  the  dense  column  of 
idr,  without  exhibiting  the  least  symptom  of  decompo- 
dtion.  They  agjun  unite  under  the  level  of  the  blasts  in- 
crease in  size,  and  sink  through  tiie  fluid  stratum  of  cardia 
to  the  bottom  of  the  furnace.  This  fact  holds  out  one  of 
the  strongest  proofs  of  Ae  great  aflbity  which  carboa  aid 
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ma  mntually  possess  towards  each  other.  In thecase  of 
the  iron  separating  in  an  oxygenated  state  destitute  of  car- 
bon, it  immediately  &lls  a  prey  to  its  afiinity  for  oxygen, 
h  the  latter  case,  the  iron,  being  completely  carbonated, 
iCBrts  decomposition  by  the  sacrifice  of  a  very  small  por- 
tion of  its  carbon ;  it  further  proves,  that  the  affinity  of 
oxygen  is  greater  to  carbon  than  to  iron ;  and  that,  before 
im  becomes  oxydated,  all  the  carbon  is  taken  up. 
I  The  continuity  of  the  particles  of  splint  coak  renders 
the  coaks  of  difficult  combustion,  capable  of  withstanding 
^  t  flMMt  powerful  discharge  of  £ur,  in  quantity  and  in  the 
degree  of  compression,  without  entailmg  e&cts  similar 
to  Aose  produced  with  the  use  of  softer  coals :  this  rcn« 
lore  the  c^)erations  with  splint  coal  less  subject  to  casualty 
md  to  change.  Carbonated  iron  with  a  proper  blast  is 
marc  uniformly  obtained,  and  finequently  a  very  superior 
quantity.  Similar  effixtsare  produced  with  the  clod  coal, 
but  in  a  mofe  eminent  degree.  Discharging-pipes  ai^ 
Mod  feur  inches  in  the  diameter,  and  the  compression 
anly  equal  to  two  pounds  on  the  square  inch ;  yet  the 
Hmc  fittal  effixrts  are  not  kno^vn  as  in  the  use  of  soft  coal, 
which,  with  such  a  column  of  air,  would  require  the  pres- 
wut  to  be  equal  to  3  1-2  upon  die  square  inch  at  least. 

5th,  Upon  the  form  and  construction  of  tlie  discharg  • 
ing-fupe,  efl^ts  of  mart  considerable  importance  depend 
Ibm  is  either  generally  allowed  or  even  conceived.  At 
•ome  iron- works,  no  peculiar  shape  is  adopted :  if  the  tube 
ia  sufficient  to  convey  the  air,  and  the  mouth  of  it  nearly 
fif  the  size  wanted,  the  interior  construction  is  entirely 
overiooked.  This  indifference,  however,  is  by  no  means 
general :  variously  constructed  pipes  are  used  at  different 
works,  and  at  some  places  it  is  preferred  to  throw  in  the 
air  /hm  two  pipes  whose  areas  are  only  equal  to  one  of 
the  usual  size. 

T 
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The  various  shapes  may,  in  point  of  the  juinciple  of 
.  their  construction,  be  reduced  to  three.     (See  Platei  Figc 
1,2,3.) 

To  understand  properly  the  objectionable  parts  of  the 
Construction  of  nose-pipes,  it  must  be  recollected,  that 
much  has  been  said  to  depend  upon  die  blast  reaching^ 
the  opposite  extremity  of  the  furnace,  as  little  impaired 
of  the  compactness  and  velocity  of  its  c»iginal  discfaaif^ 
as  possible.  When  it  is  otherwise,  the  results  in  the  in- 
temal  operations  of  the  furnace  must  be  omsequently  ab^ 
tered.  If  the  compression  is  diminished  1-2  or  2-3di. 
when  it  reaches  the  opposite  wall,  decomposition  in  dot- 
portion  must  be  effected  before  the  air  has  attained  iHt 
elevated  situation  in  the  furnace.  It  is  even  possible  t» 
disperse  the  whole  column  of  air  in  such  a  manner  tfaifc 
the  ignitedmaterials  of  the  opposite  side  may  recdve  littlr 
of  its  effects  to  promote  combustion. 

The  discharging-pipe  Fig.  1.  is  frequentiy  used :  it» 
length  is  12  mches  or  more ;  the  discharging  apertwe 
S  inches,  the  other  end  5  inches ;  but  this  is  arbitnay, 
depending  upon  the  size  of  the  adjoining  pipe.  From  t 
pipe  thus  constructed,  the  air  disperses  or  diverges  too 
suddenly ;  and  at  a  small  distance  fix)m  the  orifice,  a  ooo- 
siderable  portion  of  it  answers  but  imperfectly  the  pur« 
poses  of  combustion.  Part  of  it  is  speedily  decomposed 
and  the  oxygen  brought  into  immediate  contact  witfadtt 
iron.  The  quantity  of  metal  is  reduced  by  the  fonner^. 
and  the  quality  injured  by  tlie  latter.  Though  loi^ 
custom,  by  a  continued  use  of  such  shaped  pipes,  hai 
prevented  their  pernicious  effects  from  being  observed^ 
yet  they  must  prove,  in  many  cases,  detrimental  to  the 
ceconomical  distribution  of  air,  and  the  manu&cture  of 
iron. 

Fig.  2.  represents  a  nose-pipe,  of  another  constructioiv 
«vcn  more  excepdonable ;  because  tlxe  air  di2^>ersing  stiH 


acre  suddenly,  in  a  degree  somewhat  proportionate  to 
ihe  more  sudden  contraction  of  the  pipe,  a  considerable 
quanti^  never  enters  tlie  furnace,  but,  striking  on  the  ex- 
taior  wall,  is  thence  repelled. 

A  discharging-pipe  constructed  as  in  Fig.  3.  would 
obviate,  in  a  great  measure,  the  imperfections  of  the  two 
farmer :  the  length  of  the  tapered  piece  is  12  inches,  of 
Ac  straight  pipe,  6  inches ;  extreme  diameter  as  in  the 
odiers,  5  inches ;  diameter  of  straight  pipe,  3  inchesu 
Tiom  such  a  pipe  it  b  conceived  that  the  blast  will  pro- 
ceed to  the  greatest  possible  distance  unimpaired  in  com- 
preadcm  and  velocity.  So  far,  therefore,  as  the  absolute 
Site  of  the  blast  and  breadth  of  the  furnace  will  permit, 
decomposition  will  be  prevented  on  the  level  of  the  pipe, 
md  the  manufacturer  freed  fix)m  the  evils  which  I  have 
ibove  detailed,  as  attendant  upon  decomposition  in  that 
quarter."      (Mushet.) 

For  drawings  of  the  ground  plan,  sections  and  elevations 
ofawaler-blastlrefertoMr.  Mushet's  paper,  6  Phil.  Mag. 
S62,  to  Roebuck's  paper  in  the  sume  volume  p.  324,  co- 
pied into  Rees's  Encyclop.  articles  Blast  and  Blow. 

Let  it  then  be  remembered,  tliat  among  the  points  sug- 
gesled  thus  far  as  to  tlie  smelting  of  iron,  are  the  follow* 

1st,  That  as  the  principtd  object  is  to  procure  metallic 
ion  out  of  the  ore,  the  first  step  is  to  get  rid  of  all  stony 
iKIen^eneous  matters,  by  sorting  the  ore  when  nccessarj*, 
hf  roasting,  by  waslung. 

2diy,  That  the  pieces  of  ore  prepared  for  the  furnace, 
Aoold  not  much  vary,  or  much  exceed  the  size  of  an  egg. 

Sdly,  That  roasting,  in  contact  with  charcoal  dust,  has 
^  following  ei&cts :  it  drives  off  sulphureous  and  arse- 
nical particles,  if  there  be  any :  it  drives  off  superfluous 
mature;  it  drives  off  carbonic  acid  gas  by  causing  the 
*^{enof  the  oane  to  unite  partially  witli  the  cLiTcoal,  and 
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form  that  gas ;  the  ore  thus  approaches  still  nearer  to  a 
metallic  nature,  becomes  magnetic,  and  requires  less  cfatf-* 
coal  in  the  furnace  to  make  it  into  metal.  But  if  die 
charcoal  dust  be  in  too  small  a  quantity^  or  the  roasting 
continued  ivith  access  of  air  too  long,  or  if  tlie  red  hot 
Iron-stone  be  exjwscd  without  coal  dust  to  a  cuirenlof 
aJr,  the  ore  does  not  lose,  but  gains  in  weight  by  attract* 
ing  the  oxvgcn  of  the  atmosphere  ;  it  becomes  more  t& 
fractory  and  infusible,  and  requires  more  fuel  to  metelltze 
it :  the  difference  between  a  pitce  of  iron  otc,  and  a  piece 
of  iron,  being  for  ihc  most  piirt,  that  the  first  is,  and  die 
second  is  not,  combined  with  oxygen,  carbonic  acid  cr 
sulphur. 

Perhaps  the  masting  is  better  done  in  ovens :  Jars  in  2 
Voy.  Mineralogiques  planches  1  and  9,  has  given  ihe 
oven  emplo3ed  for  roasting  ores  of  iron  in  Slyria  and  Ca* 
rinthia,  and  the  coak  oven  of  England  :  the  only  questioB 
here,  is,  would  the  convenience  piiy  the  espcnce. 

4thly,  If  tlie  washing  be  not  skilfully  performed,  thoi 
is  great  liazard  of  tvashing  away  the  ocliry  or  metalli£EniW 
part  of  the  iron-stone  as  I  think  I  have  seen. 

Sthly,  That  it  is  wortli  while  to  ascertain  whether  die 
iron  ore  is  accompanied  by  earUis  or  stones  of  the  dqr 
class,  or  tlie  limestone  class,  or  of  the  siind-stone  or  flinJy 
class,  in  order  Uiat  limestone  as  a  fiux,  may  not  be  Jndis- 
crutiiiiately  used  in  the  same  proportion  to  all  kind  cS  ores. 
The  Icsscartli  of  any  kind  is  mixed  with  the  ore»thekil 
limestone  is  needed.  ^ 

6thly,  Limestone  being  the  flux  that  brings  all  t^Kt 
earths  into  fusion,  a  mixture  of  limestone  ore  with  d^ 
ore,  or  sand-stone  or  Hint  ore,  promotes  their  iuaOD* 
Hence,  limestone  is  to  be  added  to  clay  oie  and  siliceous 
ore,  but  it  would  be  useless  and  superfluous  to  add  it  to 
a  limestone  ore.  In  this  case,  another  kind  of  ore  should 
be  brought  to  and  mixed  with  die  limestone  ok.  In  £aig« 
land,  tlic  slag  of  previous  fusions  is  much  used. 
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7thly»  That  much  trouble  and  expeuce  may  .be  saved  by 
1ms  mixing  ores  c^  different  .qualities.  So  too,  the  ridi 
vhnary  iron  .ores,  that  are  not  enveloped  in  earth,  may  be 
inquiendy  mixed  with  good.effect  with  the  secondary  orc^ 
Acie  the  distance  will  allow  the  expence  of  carriage.  By 
he  piimaiy  ores,  meaning  such  as  are  found  in  or  near 
he.  strata  called  i»inutive  by  the  mineralogists,  such  as 
lematitic  iron  ore,  heavy  compact  red  iron-stone  and 
inular  <»ies,  which  may  be  mixed  with  the  common  ear- 
by.  iroQ-stones  to  -good  effect  especially  in  charcoal  fuTr 
Bces.     This  is  done  in 'England  where  the  Lancashire  ^ 

ad  Cumberland  ores  are  so  mix^  with  the  poorer  iron- 
tones  in  the  coak  furnaces. 

8^y,  That  die  limestone  earth  to  become  a  flux, 
bould  be  added  in  proportion  as  much  at  least  as  the 
ledominant  earth  of  the  ore  to  wliich  it  is  applied.  Thus, 
f  Ae  iron  be  enveloped  when  put  in  the  furnace  in  clay 
nd  sand-stone  (rf*  which  the  clay  is  about  2  parts  and  the 
md-stone  one,  die  limest(Hie  should  be  2  parte  also,  or 
qpial  to  the  clay :  thb  rule  applies,  not  to  the  whole  weight 
f  tiie  iron  stone,  but  merely  to  the  earths  mingled  with  it. 

9thly,  The  more  moisture  your  ore,  and  your  charcoal 
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ontains,  the  more  fuel  and  air,  you  must  use  to  get  rid  of 
: :  and  also^ 

lOthly,  The  more  moisture  your  ore  and  your  charcoal 
ontains,  the  more  fuel  is  carried  off  in  forming  steam, 
id  is  wasted  in  combining  witli  the  oxygen  that  is  formed         ^  . 
f  the  decomix)sition  of  the  water,  which  contains   by  . , 

mg^  85  parts  of  oxygen  in  100.  • 

lOthly,  If  your  charcoal  be  not  well  burnt,  it  cmploi  s 
It  contiguous  charcoal  in  the  furnace  to  biirn  it ;  where- 
I'tbere  is  waste. 

llthty.  The  use  of  the  charcoal  or  coak,  (tlie  fuel)  is 
vecfiold.  It  b  empbyed  to  give  heat  and  bring  every 
ling  into  liquid  fusion:  and  it  is  employed  to  suppty 
arbon  to  decompose  the  ore,  and  abstract  from  it  its  oxy- 
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gen,  which  prevents  its  becommg  a  perfect  metal :  and  it 
is  employed  in  adding  a  further  dose  of  carbon  to  the  pure 
iron,  which  dicreby  becomes  much  more  fusible.  The 
carbon  in  crude  iron  supercarl3onated,  is  in  a  great  dc^;ree 
meclianically  mixed  with  the  iron  as  the  surface  of  highljr 
carburetted  kishy  iron,  shews :  in  steel,  the  carbon  is 
chemically  united  to  the  iron.  Good  fresh  charcoal  maf 
be  considered  as  containing  seven  eighths  of  carbon. 

12thly,  The  limestone  is  in  proper  proportion,  if  the 
slag  is  thin  and  does  not  retain  any  particles  of  metallic 
iron  enveloped  in  it.  Otherwise,  the  heat  has  not  been 
sufficient;  or  the  limestone  is  not  in  proper  proportion; 
or  the  charge  has  descended  too  soon ;  or  the  blast  has  not 
been  sufEcient  in  quantity,  strength,  and  regularity,  to 
consume  the  coal ;  or  it  may  also  be  in  too  great  prcqxv* 
tion  for  the  coal,  thereby  cooling  the  metal  or  the  slag  in 
its  ascent  from  the  tweer ;  ioc  the  blast  that  is  not  em- 
ployed in  producmg  heat  with  the  charcoal,  will  pnxInQd 
cold :  and  still  worse,  it  A\dll  re-oxygenate  the  iron. 

The  skill  of  the  man  who  manages  the  furnace  is  shewDi 
in  his  proportioning  his  flux  to  his  ore,  so  that  there  shall 
be  thin  fusion  with  as  small  a  quantity  of  coal  as  pos^bie 
— in  using  none  but  well  burnt  dry  coal,  that  none  mty 
be  wasted — in  using  coal  enough  and  no  more  to  give  the 
required  heat  and  carbonization ;  for  which  purpose  the 
ail*  thrown  in  and  the  coal  tlirown  in,  must  consume  each 
other.  If  tlv:-'  air  be  in  too  great  proportion,  the  charge 
will  be  cooled  :  if  in  too  small  a  proportion  the  charcod 
will  not  be  used  up.  Where\  er  great  lumps  of  charcoal 
are  seen  floating  on  the  slag  or  enveloped  with  it,  there  is 
want  or  skill  in  adjusting  the  proporticMis. 

ISdily,  The  chiur.oal  to  be  entirely  consumed  without 
waste,  should  not  be  thrown  into  the  furnace  in  large 
lumps,  for  there  is  not  time  in  this  case  during  its  descent^ 
for  the  ail'  and  the  iron  to  decompose  it. 
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Mf ,  As  the  charcoal  requires  time  to  be  decompos- 
od  the  iron  ore  requires  time  to  be  metallized  and 
tiated,  the  size  and  slope  of  the  boshes  should  be 
(ted  by  attentive  observation  of  the  process  in  all  its 
^  during  the  first  period  of  blast :  {(x  ore  of  one 
nay  be  carbonized  quicker  than  ore  of  another  kind, 
lerefore  may  be  permitted  to  descend  more  speedily 
omparison.)  This  must  be  the  result  of  dove  and 
attention. 

hly,  I  am  not  qualified  to  give  an  opimon,  but  I 
1  su^gnest,  that  in  Pennsylvania  generally,  there  has 
rror,  rather  in  giving  too  litde  than  too  much  blast, 
that  a  slight  inclination  of  the  blast  upward  rather 
n  horizontal  stream,  is  to  be  preferred.  For,  in  the 
case,  there  is  (as  I  think)  danger  of  cooling  the  slag, 
^genating  the  metal.  Also,  whether  the  same  quan- 
'  air,  would  not  answer  a  better  purpose  from  two 
in  opposite  directions  than  from  one  ? 
ily,  It  appears,  that  pit-coal  or  coak  furnaces,  re- 
to  be  higher,  and  require  also  a  greater  blast  to  con* 

and  decompose  tlie  fuel  tlian  charcoal  furnaces ; 
e  ore  requires  a  longer  time  to  be  metallized  than 
ivood  charcoal :  I  have  sometimes  thought  the 
ylvania  furnaces  are  somewhat  higher  than  ncces- 

I  have  measured  the  plates  in  Jars,  and  find  tlie  di- 
MIS  of  various  furnaces  as  under. 

Ground    Width  at    Height froiri 


filan. 

the  b 08 hi' a. 

the  hrarthy 

1 
* 

mace  at  Eisenhaftz                  13 

8.  o 

Treyback,  in  Carinthia    1 6 

4.  - 

J2 

John-Gcorgen-Stadt,  >    ^q 
in  Saxony                5 

5.  - 

JI 

Sweden                             25  6 

r.  - 

25 

Ltiurwig,  in  Norway      30 

8.  - 

30 

5  above  are  French  feet,  wluch  are  to  die  English 
1  to  107. 
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Jars  has  given  the  sted  furnace,  and  tlie  founder}^  ftir- 
nacc  of  England,  but  not  the  blast  furnace.  ' 

17dily,  Thus  it  appears,  that  a  smehing  furnace  may 
be  considered  as  divided  into  tliree  parts ;  viz.  the  up- 
permost porticm  (com  the  opaiing  at  top,  doHUM-ard  to 
the  narroiv  part  of  the  boshes  wherein  the  process  of  ce- 
menting goes  on  ;  that  is,  where  the  crude  ore  b  gradu- 
ally deprived  ci  the  oxygen,  or  substance  that  demetallizes 
it,  by  means  of  the  carbon  of  the  coals.  Whether  dus 
be  compleatly  efiected,  depends  first  on  the  charge  of  Ae 
furnace ;  whether  the  coal,  the  iron-stone,  and  the  bk^ 
be  each  in  due  prop(»tion  to  each  other^  so  that  no  part  of 
either  shall  escape  the  action  of  the  other :  secondly,  CB 
the  degree  of  heat  ^ven  to  the  charge,  for  this  uiuqd  cC 
the  carbon  of  tlie  coal,  with  the  oxygen  of  the  iron,  doci 
not  take  place,  but  in  a  full  red  heat :  thirdly,  upoa  Ac- 
size  of  the  particles  of  ore,  coal  and  limestone :  and 
fourdily,  upon  the  time  the  charge  takes  in  descendiiig 
from  the  top  of  the  chimney  to  the  bottom  of  the  bodie% 
where  the  fusion  or  melting  takes  place ;  for,  if  it  descend 
too  quickly,  the  iron  will  not  be  sufficiently  carbonated  i 
part  of  it,  in  the  form  of  ore,  or  oxyd,  will  be  turned  intD 
glass  with  the  slag,  and  the  iron  in  the  hearth  will  be  im- 
perfect white  iron  without  a  regular  grain.  On  the  can* 
trar}^,  if  the  proportion  of  coal  be  considerable,  and  the  d^ 
scent  of  the  charge  protracted,  tlie  iron  will  be  smoaA' 
Jaced  pig ;  carburetted  or  supersaturated  with  carbon; 
it  will  be  (rxtrcmcly  fusible,  more  so  than  cast  steel,  whidli 
in  many  properties,  it  greatly  resembles;  and  a  substance 
like  plumbago  or  black  lead,  called  kish,  will  float  on  its 
surface.  This  kind  of  pig,  however,  is  very  valuabfey 
being  used  for  castings  of  all  kinds  :  where  the  coal,  tbc 
heat,  and  the  stone,  have  been  in  due  proportion,  the  iron 
will  be  saturated  with  carbon,  or  nearly,  so  as  to  be  me- 
tallic throughout.    This  is  forge  pig;  a  kind  of  iron  uni* 
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formly  prefetred  for  tou^h  and  heavy  Avork,  Hence,  this 
last  ov  Jorge  pigj  is  carbonated  iron,  wherv^in  the  charcoal 
has  nearly  abstracted  tlie  whole  of  llie  oxygen:  smoolh 
faced p\g  is  earbitreited  iron,  \\  here  the  charcoal  luis  sii- 
perabimdontiy  combined  with  the  iron :  the  white  and 
the  mottled  iron,  is  imperfectly  and  irregularly  carbona- 
ted, and  is  least  valuable. 

The  other  j^xts  of  the  furnace,  are,  from  die  boshes  to 
die  entrance  of  the  blast,  in  whicli  is  to  be  considered  whe- 
ther the  width  and  slope,  wiil  admit  of  the  required  regii- 
kr  descent— from  the  bottom  of  the  boshes  to  the  entrance 
of  the  blast  where  die  iron  and  slag  is  finally  fused ;  con- 
cnning  which  the  points  of  consideration  are  the  quantity. 
tte  velocity,  and  d^e  direction  of  the  blast — and  the  hearth^ 
m  wluch  the  melted  metal  is  dqx)sited. 

ISthly,  In  addidon  to  tlie  obser\  ations  as  to  die  pro- 
•  portions  of  charge,  I  would  obscr\c  duit  in  Knglund,  a 
common  charge  by  weight,  is  four  of  coak,  tlirec  and  one« 
third  argillaceous  iron  ore,  and  one  limestone.     At  a  fur- 
nace  in  England  producing  good  melting  iron,  of  a  quali- 
ty  between  the  highly  carburetted  dark  grey  iron,  No.  1, 
ttid  the  imperfectly  \\  hite  iron  or  forge  pig  carbonated — 
ivorking  an  argillaceous  iron  ore  containing  27  per  cent. 
of  iron — ^the  furnace  being  45  feet  higli,  and  twelve  and 
a  half  feet  diameter  at  the  widest  part — consuming  2500 
cubic  feet  of  air  per  minute,  issuing  from  a  tuyere  of  two 
and  three  fourth  inches — the  average  charges  of  caik  jx  r 
4f^ft  (or  12  hours)  are  fifty  of  two  and  three-fourths  hun- 
dred weight  each,  oi*  nearly  seven  tons.     The  calchiul  or 
roasted  ore  for  good  melting  iron,  is  of  the  same  quantity, 
but  for  forge  pig,  or  the  least  ciirbonatcd  varietj- ,  6  of  co..k 
to  7  of  ore :  the  unburnt  limestone  is  as  4  to  1 1  of  chv. 
This  furnace  with  such  a  doily  charge  produces  40  tons 
of  metal  per  week. 

A  wood  charco;U  furnace  requires  somewhat  less  Xxkw 
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than  a  coak  furnace:  and  rich  ore  requires  less  tiban 
poor  ore.  The  rich  Lancashire  ore  of  England  worked 
ivith  wood  ckircoal  does  not  require  more  than  one-fif- 
teenth, or  even  one-twentieth  of  limestone :  for  as  the  oie 
abounds  in  metal,  it  contains  a  less  quantity  of  earths  tittfc 
require  to  be  flu\ed. 

As  to  the  charges  in  tliis  countr}-,  where  charcoal  and 
not  coak  is  used,  they  vary  considerably,  but  I  do  not  find 
that  the  variation  sufficiently  depends  upon  principle.  I 
have  already  stated  a  common  charge. 

According  to  the  report  of  Mess.  Dangenoux  and 
Wendell  on  the  iron  works  of  Styria  and  Carinthia,  1  Jat^ 
58,  the  coal  measure  at  Eisenhartz,  is  three  feet  diauniMH 
at  the  top,  one  and  a  half  foot  at  the  bottomland  two  lir 
deep. 

The  ore  measure  is  26  inches  high,  21  inches  top 
d'ameter,  and  12  inches  in  the  bottom.    The  chai]ge  ii^' 
measures  of  charcoal  to  cne  of  ore. 

At  Vordcnburg,  the  charge  is  3  measures  of  charcoali 
each  measure  being  SO  inches  deep,  by  30  inches  top  & 
ameter,  and  18  inches  bottom  diameter,  to  one  measuit 
of  ore,  the  measure  being  18  inches  square  and  17  inches 
deep.  All  this  however,  as  well  as  the  proportion  of  flux, 
is  of  no  consequence  to  the  reader,  and  gives  no  infonna- 
tion  unless  he  knew  the  quality  of  the  iron-stone.  In 
many  parts  of  Germany  as  I  find  by  pcru^g  the  nume- 
rous  accounts  given  by  Jars,  they  make  use  of  VHtacken 
as  a  flux.  What  Mr.  Pott  in  his  Lithogeognosie  taafA 
by  waacken,  I  know  not ;  it  is  impossible  not  to  r^ret 
that  a  work  in  other  respects  so  excellent  should  be  ren* 
dered  useless  by  the  want  of  an  accurate  mineralogical 
language.  The  present  waacken  of  the  GermaDs,  is  an 
ai*gillo-siliceous  stone,  consisting  of  nearly  equal  parts  of 
tlie  2  earths.  Hence  the  ores  to  which  it  is  used,  mu^ 
be  tliose  wherein  the  particles  of  iron  are  eavdoped  IQ 
calcareous  or  limestone  eartlu 
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'  The  toughest  iron  and  that  which  requires  most  fuel,  b 
6om  the  siliceous  ores ;  next  to  that  the  argillaceous ;  the 
most  fusible  and  least  tough  iron  is  generally  from  calca* 
itous  iron-stones.  All  these  I  apprehend  may  be  quali- 
fied  by  a  due  mixture  with  each  other. 

[7\>  be  concluded  in  next  number^ 

The  next  number  will  finish  tlie  article  Iron  and  also 

F      SteeL    I  wish  I  could  have  m:ide  the  preceding  papers 

more  popular  and  less  chemical,  but  I  could  not.     The 

time  is  at  hand  when  young  iron  masters  will  find  it  ne* 

cessary  to  become  acquainted  with  chemistry ;  to  such, 

Ik  present  essay  will  furnish  abundant  matter  for  rcflec* 

tfoD.     It  b  not  intended  for  the  iron  masters  of  the  pre- 

leat  day ;  for  men  of  great  industry,  great  experience, 

'  aid  generally  of  great  wealth  honourably  acquire  d.     Such 

P   men  need  no  instrucdon,  and  I  am  not  competent  g)  give 

r'itf  they  did. 

The  other  branches  of  manufacture,  I  sli.ill  treat  in  the 

p    same  way,  more  or  less  at  length  as  my  materials  ijiduce  me. 

c 

JVilkesbarrey  March  16///,  1813. 
Dear  Sir, 

HAVING  observed  by  my  last  number  of  the  Empo- 
rium of  Alts  and  Sciences,  that  you  had  undertaken  the  editorship 
of  that  work,  I  send  inclosed  a  copy  of  manuscript  directions,  in 
my  possession,  by  an  English  manufacturer,  for  miking  bleach- 
ing  liquor  for  the  use  of  papermikers.  I  have  preferred  giving  you 
an  exact  copy  of  it  and  the  draught,  to  making  any  altci-ations  in 
the  style  or  drawing.  Your  knowledge  of  the  subject  will  enable 
you  to  make  the  necessary  corrections  in  both. 

As  the  method  of  bleaching,  by  means  of  the  oxygenated  muri- 
atic acid  is,  I  believe,  not  known  or  in  use  in  our  paper-mills,  it 
may  be  useful  to  the  profession  here  to  be  informed,  of  the  mods 
and  process  of  conducting  in  Europe  that  part  of  their  business. 
I  should  be  very  happy  to  hear  from  you  occasionall^i  and  ani| 
Dear  Sir, 
Very  respectfully  your  obedient  servant, 
Professor  Cooper,  Carlisle.  ]ASP.  CISX. 
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Directionu  for  uiaking  325  ^llonn  of  liquor  for  whitening  %Ut§ 

for  fiafierwu  kern . 
First  put  into  the  still  ^1  gallons  of  salt  briiie,  as  strong  as  can 
be  mode,  which  may  be  kn()\>n  by  putting  in  salt  until  some  ofH 
remains  immeltcd,  then  put  inU)  a  box  1 5lb^  of  tlic  best  salt,  like- 
MI5C  90lb9.  of  the  best  jj^mund  aiul  poAvdcrcd  manganese, mis 
them  very  well  iincif  all  appears  a-i  niani^-anesc,  then  put  that  mix- 
turc  uito  the  still,  put  on  tli .  hcud  of  ihv  t\\\}^  first  stirring  or  blendi 
ing  it  withu  hhovcl  aii.il  it  Is  h\  iriOlioisUien  hare  136lb9.  oftkl 
best  \iiriol  in  6  jujjs  rvudy,  pat  boi.ic  >itriol  in- o  the  tundish|inl 
putliiig  in  tlic  service  p*Ji>c  and  lutinit  it  witli  clay  as  you  see  il 
the  plan,  then  let  in  the  vitriol  j^^raduallyiiniil  you  hear  the  juga 
tlie  i-eKen-oirs  blab,  then  hlop  ihc  \ltrioi,  which  must  be  done  hfi 
small  iron  i*od  inu(!c  fur  that  purpose  to  Bt  it,  so  let  inyoufTltdil 
by  degrees  until  all  Is  in,  which  must  not  be  less  time  than  Ml 
hours  at  least,  then  o.l  niinuies  aficr  being  in,  light  the  fire  hI 
keep  it  vciy  moclcrate  for  10  or  12  Iiours,  then  you  may  keeptti 
(ire  something  stronger  for  the  remainder  of  the  time  midl  tin 
operati«i  i^fnibhed,  which  will  be  21  or  35  hours  from  the  fin 
putting  in  of  the  vitriol,  tlien  stop  tlic  car  pipe  of  the  lid  andlp 
it  stand  1 4  houi*s  at  least  l>efore  you  di*aw  it  off  for  use. 

N.  B.  When  the  vitriol  Is  all  in,  take  out  your  tundish  vd 
have  a  ball  of  clay  for  luting  the  place  it  stood  in ;  first  of  all,  fil 
your  reseiToir  \\  ith  clear  water  to  within  7  mches  of  tlie  top  o 
the  consolidating  lid— then  put  into  the  resciToir  50lbs  of  the  bei 
hot  lime,  finely  sifted — agitate  the  reservoirs  for  15  minutei 
then  put  on  your  lid  and  fix  your  bubbling  jug  as  you  see  in  tb 
plan;  leitlie  agitator  be  kept  tuniing  during  the  whole  process 
especially  when  the  vitriol  is  going  in;  after  you  draw  off  you 
liquor  in  bottles,  what  remains  in  the  reservoir  of  lime  and  liquc 
|>ut  it  in  a  hogshead  and  fill  it  with  water,  stir  it  and  let  it  stsD 
until  the  next  work,  by  putting  it  in  the  reservoir  that  you  ma 
have  no  loss;  the  same  is  used  in  what  remains  intlie  still  of  th 
old  lees,  let  it  be  put  in  a  vessel  or  cistern  which  stands  condguou 
to  the  still,  and  is  also  lined  vrixh  shcct-lcad ;  always  used  it  will  b 
a  sanng,as  it  answers  better  than  the  first  by  keeping  it  up  to  tli 
2 1  gallons  with  biine  as  directed ;  the  saving  \s  this,  viz.  that  u 
stead  of  90lbs.  manganese  74lbs.  will  be  suIFicient  and  S4lbs.  sa 
instead  of  45. 

N.  B.  You  are  to  take  the  greatest  care  not  to  let  any  of  tl 
ntogHpese  touch  the  i^eaervoir,  as  the  Icusi  pai-ticic  of  it  wou! 
spoil  the  whole  process. 
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Ifyoa  have  a  mind  to  make  liqiinr  for  bleachint^  linen  cloth, 

III  yoiir  lifiuoi-  in  the  rcjjcrvoir  be  5  or  6  ilcgi'ces  strong  of  tlie 

!:yil:-<.irKtt'r  <^hiss  by  pearl  or  potash,  and  the  ixist  of  the  process 

a-»  bcforo  ;  !)o  sure  to  wash  tlu*.  reservoir  very  clean  fix)m  lime^and 

\y:  careu  I  of  yrnir  hitinn^  for  fear  of  smell;  tlie  head  of  the  still 

and  lid  of  tlie  n.M  ivoir  is  luted  with  v/atcr  as  you  see  in  the  plan. 

If  yoi:  nucke  it  fr>r  liniMi,  have  the  opii-'onof  some  man  conversant 

Jd  bleaching- ;    if  the  i;;la->5es  cxw  be  j;ot,  I  v/ili  write  the  use  of 

ibem.     fSvcthe  plalc.) 

;•     A    The  cap  of  the  still 

■. '   B    The  body  of  diito,  wliit  h,  as  you  see,  stands  7  or  8  iuciier 

the  surface.     Tlie  cap  Jm  i:)  tlic  ionw  of  a  hive,  entirely  hoi- 

pr^  vith  the  ttindihhc-  sol-.'.!t  r-.-.I,  i.s  yuseo,  one  for  the  use  c» 

ing  the stiU  with  tlic  vitriol.  r.i:d  the  oUii.r  takci  off  the  inllani- 

le  air,  which  isCjthcr.  it  enters  the  int'.rmediatc  box,  throuj^h 

ichit  passes  thivnii^h  the  pipe  1),  an!  iiit*:»'s tlie  vessel  by  tlio 

IMervoir,  whkli  is  ]'..     The    r.ipv  ^.tAiid-:  iu)out   11  *iV  12  inches 

above  the  surface,  1   inch  bovo,  but  d'»c-  no-.  di;3  in  '.h?  rescrxoir; 

it  drops  its  strenj*ih  in  it:;re:,i!  voi-',  v.  Iii.;li  .Ik-  motion  of  the  wheel 

circulates  tin-  In  dy  ;  the  vii?.'..'  (,!•  v.  ii"!V-i\  is  l!:e  l'vi*t«rr,  which 

is  oiilv  tlie  hi'.ndlr  aiidaiHW  v*-'\  i::r.'/.^!Iv  tm'..*-  ,  iM's.r'ii'r  \]\"  vJiolc 

pi-octSb:    X"i,  t!\r  V. ;Mt.'   i    )n  (Ii*.    fcvni.  vi  I.  i!...  ;  rr.i^    cl.c  full 

diamelrj*  oi"   tiie   vessel.:    'Ik-   iiiU'rV:;«;l:  ;te  .    .  .  a>    vo.i  s  f  :    iJi-* 

.plpch  or  tiilx-s  stand  1*  iiv;!v.  a-    I'.ic  i'./.*  t  ;•;.  y\  fi..»n  .'•,•    hc»rl- 

t^atal  of  tiie  t«»p  of  ihtMC-. -.'.:!     'I'lu  viii;.'.  7;'^  .    •.• 'v"     .:.:.";  "n 

thcwiUjr  V.  !:i  !i  is  in  t!ic    •.».  niu(":    ••   I;.-.  .  ;.  ..  1.;;..  L.      .:    «    lis 

which  f;i\..- air, uI'iIm;-:-.,]!  b< '•:.-• '•.•rl.  * '>  .■'.  "  ,    t'j   !.  .  *  •    ...■..:  '.    ': 

h-ualv.dVh  I-  i.«.)'<  '.  ij.   V  .  '  '.  \.  1-  ...  i.  :  ;  *  1.   '',:•  / :'    :  t'  1  ./"'I 

isc'iar<.^v'..j,and  i-.ii  .i  (<  .'•'  .••.'•'•         .  ->     y        .  '  i     /v;  j.!.:- -ll;.- ; 

there  is  ako  the  0;  ;.'  »^'.  '.•/•.         .'  1.  •.,'•  '•!..!       •  .-(i-.  :'•.»:•   7 

iiiches  hi:;;h,  but  \\,.\\'  ir'     •         '      -.  I  .-..   \.  :    ■  ,-\-       1  i      '    r.- 

solidatc  vessel  i^-  as  '.Ir*.:^ :  ;.  «•.     .   "  '..  :.  '!  •.  ».     1    1  i   '     •  ;•   ..    asi 

*  P'P'i  which  (I'j.'^:  i.^  :Ii-:  vvl  •  ••   1  \'Ji'.  :!.»-  1..!  •    ..*   •  i  *.•  \  fo^i.it 

^••'lime-water  ii*. :  yi'  t!-.er»  *.;.  ;.';iLl:cr  jj'ix-  v  !•.         .*  '•.• .  aboiit 

' 'Jichcs  on  the  tc  p.  i-.ij  •••.  :.]•••  ;.*;•.?  fi:-j  a  i;;:jw  m.-.k-Ii  (^ip*.  in  t;;c 

P'-'iicrasyou  see  in  :!..  -c!:-.  •  :l.l;  the  lid  ,•)!' l!  10  c:;:isol ki.it:  .v.-  v»  ,- 

'■'tils  in  a  cavity  tl;r  .  .v..i  r.  •  .'•    cip  i,*  i!:?  .sii»!,  r.i!d  »";x-  r...«iv  \u 

"'•*-'i  v.iih  water  lo  kec  .:  1:.  .-.:...       *i ;  t.l-.o  t.../  -  *: -  -x  c.«x.k  ul  t i .    l-ui- 

"''"'  of  thcre^v  svoL  to!u«.'.  ••  •*   •.••  ■':  |«.-.',  \m\  .•:..    ';.  r  ls!  \\\\,  b"l- 

*-^'rt  lo  rh.aiiM"  i<. 'j'lt.     Tl;'.   t.     ;  •:,'•«.!. I..      •...  i  ...'-.  li  \iir  tiliMeori 

•"•-  •':•(.>•»•  I  '.r,«o  ••'.  ^^••!"♦»:•^■.   jv.  »!  '.^..i  .1.     As  lo  '>'>  v  j)roj)'jMioni  of 
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the  vessels  I  shall  be  vory  exact — l^  cdeptl.cf  the  still  is  2  fed 5 
inches;  t:ic  diameter  2  feet  3  inches;  the  cuvity  where  the  lid 
fits  is  13  inches  deep;  the  proportions  of  the  ii.t«.rmediate  vessel 
are  1 6  inches  long,  12  inches  bread,  aiid  11  hij^h  ;  he  reservoir  is 
in  depth  2o  inches,  diameter  1  Feet  8  .nehes;  tinr  eor.solidating  ves- 
sel wiiich  dips  hi  tiie  wutn-  is  11  ii.elus  sjjir.ire,  7  ir.ches  high  at 
the  tt'p,  and  the  iui  has  tno  hui.dles  to  take  it  oP/.  When  you 
arc  going  to  put  in  the  lime  Mj.ler,  the  eupot  the  still  is  elevated 
by  apidly,  w.jchat  the  t(;p  of  D°  yon  S'-e  a  l.ook  made  fast  to  D* 
for  the  same  purpose,  to  [at  iion  and  lake  it  ofT  wit:  out  any  far- 
ther trouble.  T.ic  still  is  iaici  in  a  met..i  boiler,  and  underneath  the 
still  is  -i  inches  of  sand,  luil  tlic  bo('y  is  a  cavity  all  round  to  the 
top  which  is  inclosed  with  liri  k  work  ;  the  wnole  apparatus  is  lead. 
N.  IJ.  The  reservoir  is  also  Uned  with  lead,  as  also  the  cistern 
v.'hich  the  old  lees  is  thrown  ir»to.  Ti'.e  reservoir  is  a  wooden  Tea- 
sel, and,  as  I  said  before,  lined  with  sheet  lead.     J.  K. 

REMARKS. 

I  am  oMiji:ed  to  Mr.  Cibt  Ibr  tl.ib  eonmuuiication,  whichbcarsthe 
marks,  tlio'  ro»r!;h,  of  practical  expiiience.  But  tiie  pUiportionsof 
the  mi'tcrivils  are  \\u\  ace  maUly  adjusts  d.  Twentv  one  gallons  of  sa* 
turated  saltbrlr.e  will  not  c<i.-f.iin  cjuiiv'  fxjlhs.  ol'  sail,  for  16  oimccs 
or  a  piiit  of  wattr,  will  not  (juiic  disM.l'.  e  6  omices  of  salt.  Her.ce 
♦  i>e  ]):op(irt;Mi  s  here,  are  sail  icjii).  manganese  90lb.  oil  of  vhriol 
!.?C;ib.  wa'.er  Ir.  .ih.  lint  the  h^.sL  proportions  are,  by  weight,  salt 
S  jjurts.  inani;ai.('He  ?^  parts,  oil  of  viliiolof  commciee  (Avcighing 
'\^  1-.^.  i<i:nr(s  vo  ihe  wiiic  piiJ)  Ti  p^irts,  wuI-t  \l  parts.  So  dwt 
tfi  ''.':h.  '-f  si'lv,  f';:  re  :-.Iioiihl  have  been  aboiil  julb.  mai!g.ir.csc» 
and  .  ''IS.  oil  f^f  viiiiol.  Tiu  r.e  aie  tl'.e  common  proportiokS of  the 
:-.!«. .t'. .••.;,  i-,1  Mim'.Ii..  ster.  Tae  reci  ipt  oi  Mr.  Cist's  eorre.spoi-dir.l 
is  li-.er;  U,7v  uastclMi  ii.  the  dear<  sl  of  ti.e  artieh  s.  If  there  should 
'>c  a  Hull  less  oil  rl'  \:i»i".)],  nolhin.;  is  v.asted  but  tlie  sail,  which,  in 
*i.is  cr  ;.:.Uy,i>.  f)i*  littleconseqiiei.ee  cjuipaialivcly. 

'I'.iere  have  been  two  or  three  patents  lor  bleacliing  paper  iu 
i-j'.f^lir.d.  I  know  not  hov/  they  succeeded.  1  shall  have  occasii-n 
to  uci.;'il  wliat  1  know  on  tiie  subject  of  bleaching  generally  in  ^ 
future  p;'.per.  liut  a:s  the  present  connnuiiication  is  entitled  loan 
ir.uertia.i,  and  the  subject  is  bi  fore  me,  I  shall  give,  for  the  pn.'* 
sent,  the  fol'o.vijig  proci  ss,  A\hich  1  am  linn ly  persuaded  is  t'f 
naiclimore  in-.poiuiDce  tliaii  a.iy  il.iiij:  tnat  has  hitheno  befupii'>- 
lisiied  on   ti;it  subject.      It  hi^s   been  already  ^)ubiiahed  \i\  J^'- 
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Meise's  edition  of  the  Encyclopccdia,  a  very  useful  work,  but  con- 
sunhg  much  tiiat  may  be  thrown  out,  and  wanting  much  tliat 
night  be  usefully  added.     I  wish  the  Doctor  would  rc-edit  tliat 

In  the  year  IT?"),  a  Frenchman  cimo  to  Manchester  to  propose 
iMW  discovery  in  bleaching.  A  meeting  was  called,  but  .the  in* 
QOHtioii  he  thoug'it  Bl  to  give,  was  not  of  consequence  enoug;hto 
itide  liim  to  atUMtion.  Mi*.  T;!oinus  Hv-nr)-,  (tlie  father  of  Dr. 
If.  Henry,  the  chemist)  myself,  and  Mr.  C.  Taylor,  (afterwards 
Kretvy  to  the  A:k-lp'ii  Society  of  Arts)  agreed  tnat  this  was 
Htttto  be  B'.^rthol let's  application  of  Sciiccle's  discovery  of  the 
■|Uogi8ticatad  marine  aci.l  (o;vy muriatic  acid.)  W^'sct  to  work, 
Iflmade  a  quantity  of  tlic  acid,  and  bleached  with  it  scvei*al  spL'- 
of  calico;   imp;:rfectly,  because  they  required  the  cleans- 

^  alkaline  lixivia.  During  our  experiments,  it  occurred  to 
|l%Aatas  manganese  was  dirty,  frequently  impure,  and  frequcnt- 
^l^rcn  out  carbonic  acid  when  treated  with  oil  of  vitriol,  and  tirat 
Ikncriduum  was  not  convertible  to  any  kriown  use,  we  had  better 
eqioy^  minium  or  red  lead,  which  I  knew  to  contain  12  or  14  per 
Uiaf  pure  air. 

It  succeeded  perfectly  ;  and  the  vltriolated  lead  which  formed 
Ik  residuum,  miglit  be  reduced  to  l'*ad  again.  In  hastily  and 
arefolly  combining  the  vapour  of  this  very  pungent  and  unplea- 
nt acid,  by  a  strong  bottle,  well  corked,  it  occurred  to  a  friend  of 
UK,  Mr.  Baker,  a  manulacturer  of  oil  of  vitriol,  that  the  acid  in 
[oesdon  might  be  at  once  made  without  disliil-ition  in  a  vess-jl  suf- 
kieotly  strong.  He  tried  it  at  home  in  a  strong  derantcM*,  and  suc- 
vcded.  I  embarked  with  him  \\\  rcduciM^  this  discovery  to  prac- 
ice,and  until  I  came  to  this  con. it ry,  used  it  with  p..Tfect  success 
nfrom  800  to  1200  pieces  of  calico  weekly.  The  pmcesi  was 
lever  published  in  England ;  I  gave  it  to  Dr.  Mease,  and  nobody 
ui  noticed  it.  I  give  it  again,  that  it  may  be  more  extensively 
Uttwn. 

The  plate  accompanyhig  the  paper  communic:;ted  In-  INI;-.  Cist, 
Wtins  also  a  view  of  one  of  the  machines  Uacd  by  Mr.  Baker 
UMi  mysclfy  to  make  the  oxy muriatic  acid  in. 

The  method  of  making  Uiis  acid  for  bleaching,  commonly  used  in 
Manchester  and  else  where,  is  by  adding  to  3  parts,  by  w\^ight  of 
3>^ganesc,  8  parts  of  common  salt  and  6  parts  of  oil  of  vitriol,  and 
^3  of  water....These  are  distilled  together,  a: id  the  products  i-eccived 
'ftWrcls  of  watcrf  arranged  in  the  maimer  of  \Volfe*s  appara- 
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cover  much  more  surely  than  any  government  can«  how  and  wliM- 
capital  aiid  labour  can  be  i  mployed  to  the  most  profit :  and  ai  1 
regard  the  aggregate  of  tlie  nv  ealth  of  the  cidzens,  to  be  tynoBj* 
mouBy  with  the  wealtli  of  the  nation,  it  can  seldom  be  wise  for  tiio 
adnunistrators  of  national  concerns  to  mterfere  in  this  respcctf 
either  by  encouragement  or  prohibition.  For  many  still  stranger 
reasons,  Commeire,  ever  clamorous  for  protection,  is  never  worth 
protecting.  In  proportion  as  any  employment  of  capital  caDifiw 
national  assistance  and  protection,  it  deserves  none.  The  veiy  de- 
mand itself,  amounts  to  demonstrative  evidence  that  the  invcitF 
mcnt  is  injudicious,  and  ought  to  be  abandoned.  But  of  all  OS* 
ployments  of  capital,  that  which  calls  for  navies  to  g^ard  it)  ind 
hourly  jeopardizes  the  peace  of  the  nation,  deserves  the  least. 

\Vc  arc  now  unfortunately  reduced  to  such  a  situatkmi  thit  I 
na^y  for  the  defence  of  our  coast,  and  a  standing  army  tat  tbs 
defence  of  our  frontier,  seem  permanently  necessary :  for  it  wiUbc 
madness,  after  the  experience  of  the  irvoiutioiiary  war  and  the 
pit^scnt  war,  totiustto  i*aw  undisciplined  militia,  suddenly  calM 
from  the  plowshare  to  the  bayonet. 

For  this  state  of  things,  \vc  are  indebted  to  the  comhsxcial 
SYSTEM  ;  of  which  every  hour  and  every  event  tliat  passes,  crin- 
ces  to  nie  tlie  danger  and  the  cost.  What  is  tlie  origin  of  the 
present  war  m  which  we  are  involved  ?  First,  Great  Britainf  in. April 
1806,  by  the  paper  blockade  of  tlic  Ems  and  tlie  Weaer;  uA 
again  in  May  18u6,  by  a  similar  blockade  from  the  Elbe  (e 
Bluest ;  then  Fiance,  in  retaliation,  by  the  Berlin  decree  of  No* 
vember  1806;  then  Great  Britain  by  her  orders  in  council  of 
March  and  November  1 807  ;  then  France  by  the  Milan  decice  of 
December  1807  ;  tlien  Great  Britain  by  her  blockade  of  Caitb>> 
gcna ;  and  then  France  by  her  decree  of  Bayonne,  depredated  on 
our  commerce,  under  pruiciplcs  of  blockade,  perfectly  new  to  the  j 
Uw  of  nations.  Not  satisfied  witli  these  acts  of  injusticci  the  tvo  J 
belligerents  played  into  each  otliers  hands,  by  means  of  the  Hcen^  ' 
iradcyUi  aiuiUiilate  U\e  commerce  of  America,  and  allowed  toeech 
otiicr,  being  mutually  at  war, 'that  very  commerce  they  refuiedto 
us,  with  whom  they  were  at  peace.  Doubtless  neither  on  the  ooft 
side  or  the  other  of  the  powers  at  war,  can  this  conduct  be  defend- 
ed :  but  our  course  certainly  was,  to  let  our  merchants  knowy  that 
if  it  was, worth  their  while  to  engage  in  a  traffic  liable  to  so  flUDy 
inteiTupdons,  they  might ;  if  not,  tliey  might  let  it  alone ;  and  the 
people  at  home  must  be  content  to  diq>ense  with  luxuries,  intrO' 
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%BiilMer  80  many  difficulties  and  and  dangers.    Most  aawMly 

Mdi'  a  trade  was  not  worth  protecting  at  the  exfience  ^a  war, 

-    Meandme,  our  merchants  encouraged  without  scruple  the  em-. 

Ifoyment  of  BritiBh  seamen  on  board  tiieir  ships,  and  carried  on 

tiieir  oommerea^  a  Tery  great  extent  by  means  of  British  subjects. 

tte  trade  of  false  protections,  and  the  disgraceful  practices  ac- 

ta^tanying  it,  was  undisguised  and  notorious,  in  our ^ seaports; 

•  HA  C>rmed  a  worthy  counterpart  to  the  forgeries  of  American  do- 

tments  openly  sold  at  London.    Great  Britain,  under  pretence 

if  searching  for  her  own  subjects,  impressed  Ameriom  seamen 

thS}  whenever  it  suitcid  the  interest  or  inclination  of  the  naval  com- 

flttoders.    Thus  it  was :  IHaeo^  intra  murosf  fieccatur  et  extra. 

This  is  mani£estly  a  mercantile  war  in  all  hands.    Every  cause 

'  ttd  reason  assigned,  every  paper  and  manifesto  published,  is  of 

W^nnmercial  complexion ;  and  all  the  cidfficulties  that  at  this  mo* 

teit  stand  in  the  way  of  settling  H,  arise  as  much  from  the  conduct 

tf  our  merchants  at  home,  as  of  the  British  abroad.    It  is  the  mer« 

CBitile  interest  and  the  commercial  system,  in  both  countries,  that 

bve  tempted  and  driven  their  respective  governments  into  this 

tar. 

The  Bridsh  in,  my  opinion,  had  a  right  to  prohibit  the  noat 
lecustomed  trade :  tliey  had  a  right  to  complain  that  our  mer- 
iiants  navigated  with  their  seamen,  whom  tliey  wanted  for  nation- 
I  defence.  We  also  have  great  riglit  to  complain,  that  the  Bri- 
iflh  commanders  impressed  our  seamen  as  well  as  their  own ; 
dding  to  a  careless,  disregard  of  justice,  the  irritating  insolence 
t  oflSice.  But  it  is  an  obvious  reply  oh  their  side,  that  to  the  un- 
foidable  difficulty  of  distinguishing  between  the  two  nations,  our 
wn  conduct  has  superadded  new  ones,  that  might  and  ought  to 
&▼€  been  avoided.  Before  we  claimed  justice  we  sliould  have 
iMie  it ;  and  prohibited  our  merchants  from  the  employment  of 
iritbh  seamen,  'ere  we  went  to  war  in  claim  of  our  own.  I  see 
liny  obstacles  to  the  adjustment  of  this  unpleasant  system  in  the 
nt  instance,  and  still  more  as  to  its  permanence. 

I  say  notlung  of  the  right  of  cxfiatriation.  I  hope  the  question 
ill  not  be  burtliened  with  this  discussion.  Certainly  it  is  not  the 
kW-in  any  country  of  Europe  tliat  I  know  of.  In  this  country,  the 
Mstion  came  under  review  in  Talbot  v.  Janten^  Murray  v..  ths 
%atming  BtUy^  and  M^Ilvaine  v.  Cox  ;  but  it  has  received  no 
Bdtton  except  that  of  Chief  Justice  Elsworth,  in  the  moo  of  Capt 
nac  Williams,  which^i^ompletely  negatives  the  right*  I  thuik 
lis  right  may  be  well  defended  on  general  principles ;   nor  need 
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any  good  g^oremment  be  afraid  to  admit  it^  subject  to  some 
able  modificadcms  in  the  exercise.  Nor  ought  the  slavish  doctriMs 
of  Story's  case  and  Calvin's  case,  to  settle  the  law  of  the  present  day. 
But  as  the  law  now  stands  with  im,  how  can  we  obtrude  the  questioD  I 

For  all  these  difficulties,  we  may  thank  the  commercial  system. 
This  war  may  continue  a  dozen  years  for  aught  we  know ;  andkis 
more  than  probable  that  our  seaports  will  be  bombarded,  b  tho 
commercial  system  worth  this  ?  will  it  remunerate  us  ?  It  is  now 
clear,  that  a  navy,  and  a  standing  army,  will  both  become  penna* 
»ently  necessary ;  and  I  shall  not  be  sorry  to  see  the  one  and  the 
other  extended  £ur  enough  for  home  defence,  and  no  further.  BH 
the  navy  will  not  stop  here ;  the  mercantile  interest,  will  urge  iM 
incessant  perseverance,  its  increase,  for  defence,  not  of  our  sea  ootit 
at  home,  but  of  their  vessels  abroad :  and  then  keep  clear  of  wan  if 
you  can.  At  what  expence  their  ships  are  defended  they  care  aot 
They  look  to  their  own  interest,  and  leave  other  people  to  do  the 
same :  and  who  can  blame  them  ? 

The  following  is  the  first  of  a-aeries  of  papers  that  I  will  occa* 
aionally  dedicate  to  this  most  interesting  subject,  in  which  I  shall 
insert  such  views  of  the  question,  as  have  occurred  to  me,  since  the 
fDUowing  Essay  waa  written.    T.  C. 


Commercial  Licences  granted  by 

the  English  Government, 

In  1803 

68 

In 

180r 

3606 

1803 

836 

1808 

4910 

1804 

1,141 

1809 

15,336 

1805 

791 

1810 

18,356 

1805 

1,620 

1811 

7,603 

POUTICAL  ARITHMETIC. 

The  comparative  value  of  the  JigrictUtwral  and  CommerM 
systems,  begbs  now  to  be  somewhat  understood  in  Europe,  among 
those  who  have  turned  their  attention  to  political  economy.  But  I 
suspect  It  is  a  new  subject  here.  It  is  a  very  important  one  eveiy 
Where;  and  I  sincerely  hc^, wo  shaU  endeavour  to  profit  inthii 
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malqri  by  European  expeiience.  It  is  imponsible  to  enter  fuliy  into 
tb»  (Bscussion  within  the  bounds  of  a  newspaper  Essay ;  nor  can 
tlie  back  coiuitry  supply  the  necessary  materials  for  it ;  but  imper- 
fect as  this  will  be,  I  am  fully  satisfied  that  there  is  a  class  of  read* 
01}  whose  approbation  I  shall  be  proud  of,  who  will  peruse  it  with 
acmcion,  and  regard  it  with  indulgence. 

It  seems  determined  in  America^  that  we  shall  be  a  commercial 
country.  Our  navy,  our  army  our  loans,  our  increased  taxes 
hife  arisen  from  our  Commerce.  This  is  cried  up  as  the  grand 
source  of  national  wealth,  and  power,  and  prosperity.  I,  on  the 
OQQtrary,  am  firmly  persuaded  that  until  the  home  territory  of  a 
coaotry  be  well  cultivated  and  peopled-— until  manufactures  found- 
ed OD  population,  are  in  a  state  to  require  other  markets  to  be 
nagbt,  foreign  commerce  is  a  losing  concern ;  an  appropriadon  of 
Opital,  seldom  expedient,  frequently  detrimental ;  that  it  has  prov- 
ed lo,  wherever  agriculture  has  been  thrown  into  the  back  ground 
toidvance  the  commercial  system ;  that  lo  afibrd  it  support  by  pro* 
Wtions  and  bounties,  or  protection  by  engaging  in  w^rs  on  account 
efit,  or  manning  navies  for  its  defence,  is  equally  unwise  and  un* 
JQrt ;  that  if  it  cannot  be  carried  on  without  the  fostering  aid  of  go- 
vernment, it  ought  like  every  other  losing  scheme  to  be  left  to  its 
ovn  fate,  without  taxing  the  rest  of  the  conmiunity  and  their  postc- 
ritffor  its^pport  That  foreign  commerce  is  unnecessary  as  an 
iDvestment  of  surplus  wealth  in  tliis  country,  where  there  is  so 
Biuch  land  calling  aloud  for  cultivation  and  capital,  and  so  deplora- 
bly managed  for  want  of  these ;  that  all  tlie  usual  motives  to  fo- 
reign commerce,  greatly  fail  in  this  country,  which  comprizing 
ercry  climate,  may  be  made  to  supply  every  variety  of  produce 
from  its  own  industry. 

1st.  Of  the  meaning  (j/*  Commerce.  The  barter  or  exchange 
flC  commodities  between  different  pci'sons  is  Co7nmercr,  If  it  be 
coafiaed  to  the  citizens  of  any  country  among  themselvcr,  it  is  call- 
ed internal  commerce^  or  the  home  trade ;  if  between  the  citizens 
of  one  country  and  those  of  another,  it  is  external  commerce^  or  fo- 
'ttgn  trade ;  if  by  means  of  the  citizens  of  one  country  bartering 
•broad  the  produce  or  manu£eu:turcs  not  of  their  own,  but  of  other 
C0QDtries,it  is  the  carrying  trade, 

3dly.  Ca/iital  employed  in  the  bomb  fRADE^ia  more  beneficial 
^tke  country  than  ca/iital  emfiloyed  in  the  foreigs  TradBj  or 
^^  carrying  trade.  Suppose  a  merchant  of  New  Orleans  pur- 
^hises  %  1000  worth  of  pork  and  whiskey  from  a  Kentucky  farmer. 
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and  sells  it  to  a  Louisiana  sug^ar  planter  for  1200  dollars  worth  of 
sugar,  and  exchanges  that  sugar  for  1 400  dollars  worth  of  cotton 
and  woollen  manufactured  at  Rhode  Island— here  is  a  spur  ghr* 
en,  a  stimulus  to  the  industry  of  our  own  citizens  in  Kentucky,  in 
Louisiana,  and  in  Rhode  Island,  to  the  amount  not  of  the  met- 
chant's  gadn  upon  his  thousand  dollars  merely,  hut  to  the  whole  t- 
xnountof  the  thousand  dollars,  all  of  which  circulates,  becomes  in* 
VI  sted  and  productive  again  at  home  ;  and  three  at  least  of  our  dti- 
zens  are  gainers  by  each  other  in  the  first  mstance.  This  is  inta^ 
nal  commerce  or  the  home  trade. 

If  a  merchant  of  New  Orleans,  sends  1000  dollars  worth  of  poA 
and  whiskey  to  the  Havanna  and  brings  home  g  1 000  worth  of  cigtri) 
his  capital  is  employed  as  much  for  the  encouragement  of  Spaniih 
as  of  American  industry ;  such  a  man  is  just  as  valuable  to  the  Spt* 
ii!sh  colonies  as  the  American  states,  excepting  su  far  as  he  expeodi 
his  gains  in  the  latter  country.  In  the  case  i.ow  put,  he  is  usefully, 
but  not  so  usefully  employed  to  this  country,  as  in  the  former. 

Suppose"  an  American  merchai:t  employed  in  carrying  produce 
of  one  of  the  French  colonies  to  Great  Britain,  for  wluch  he  re« 
ceives  in  return  cotton  goods  of  Manchester.  Such  a  merchni  ^ 
may  reside  in  Philadelphia,  and  spend  part  of  his  gains  there,  bat  \ 
he  is  the  agent  of  France  and  Great  Britain ;  the  capital  emj^o^td  : 
to  load  his  vessel  stimulates  the  industry  of  the  French  pluter 
and  the  English  weaver;  and  it  is  accidental  only,  if  the  vesad  | 
itself  that  earns  the  freight,  be  American.  The  wages  pud  to  the  ni- 
Irjrs,  are  expended  abroad,  and  add  to  the  wealth  of  other  countries. 
This  may  be  gainful  to  the  merchant  in  times  when  freight  ii 
high,  but  the  gain  to  the  country  he  lives  in,  consists  only  in  that 
part  of  his  income  that  he  spends  there :  and  even  that  comes  out 
of  the  pockets  of  home  consumers.  For  if  Mr.  America  pur- 
chases the  coffee  of  Mons.  St.  Domingo,  and  then  invests  it  in  tbc 
-sherry  of  Signor  Spain,  it  is  clear  that  he  g^vcs  cncouragemeot 
to  St.  Domingo  and  Spain :  and  if  the  wine  of  Spain  be  brou^t  to 
Americay  he  gains  ultimately  at  the  expense  of  the  Americau 
alone.  These  objections  do  not  apply  to  a  coasting  trade,  where 
the  carriers  are  employed  by  the  home  producers. 

Hence,  in  the  home  trade,  or  internal  commerce,  the  ca{ntal 
and  the  profit  are  both  gain  to  the  nation ;  they  are  both  expeoded 
in  stimulating  and  rewarding  home  industry  ;  in  promoting  perma- 
nent and  productive  improvements  at  home. 

In  the  foreign  trade  of  exchange,  the  capital  employed,  is  eqiuJ' 
ly  beneficial  to  the  country  where  the  merchant  lives,  and  the 
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Mttntijr  to  which  he  trades.  H's  own  country  reaps  the  advan- 
tige  of  whatever  he  expands  there  of  the  income  he  acquires. 

In  the  carrying  trade,  the  merchant  belongs  to  foreign  coun* 
tries;  his  own  country  is  no  further  benefitted  by  his  industry, 
tinn  the  expenditure  he  makes  in  it,  of  pai-t  of  tliose  gains,  which 
the  home  consumer  enables  him  to  acquire. 

3dly»  T*he  capital  emfiloyed  in  the  home  trade,  circulates  twice 
tr  tkricCf  while  a  cahital  emfiloyed  in  the  forjign  trade  circulate* 
ku  once»  Reflect  upon  the  travels,  if  I  may  so  call  them,  of  a 
Ci^tai  employed  at  home.  1st,  It  goes  from  tlie  home  merchant 
to  the  home  producer;  the  fanner  or  manufacturer.  2dly,  It  is 
pddover  with  profit  to  the  home  merchant  by  the  home  consumer, 
ml  the  circulation  begins  anew. 

bkthe  foreign  trade,  the  capital  goes,  1st,  into  the  hands  of  the 
bome  producer,  and  thus  far  stimulates  industry  at  home.  2dly, 
Uii  intrusted  in  the  form  of  produce  to  the  captaui  or  supercargo, 
whO|  3dly,  delivers  it  to  the  foi*eigpi  merchant,  who,  of  course,  de- 
ihiiids  a  credit,  eciuivalent  to  the  time  necessary  for  the  return  of 
his  own  capital  into  his  hands  in  his  own  country.  4thly,  The 
faitign  merchant!  for  this  purpose,  entrusts  it  to  the  foreign  pur-* 
chaser  or  consumer;  who,  after  some  time,  returns  it,  5thly,  into 
the  hands  of  the  foreign  merchant ;  who  again,  6thly,  invests  it 
with  the  foreign  producer,  the  farmer  or  producer  of  his  own 
coQotry.  7thly,  The  foreign  produce  thus  purchased,  is  entrust- 
ed, on  board  the  ship ;  whence,  8thly,  it  gets  into  the  hands  of 
the  home  merchant  ;  who  sells  it,  9llily,  to  the  consumer ;  who, 
lOthly,  after  usual  credit,  returns  it  again  in  the  last  place  to  the 
home  merchant. 

Adam  Smith,  Ilercnschwand,  and  La  Riviere,  all  agreeing  ia 
tte  ^neml  course,  vary  somcwliat  in  their  view  of  it,  from  tliat 
ftowjjiven.  But  frojn  every  view  taken  of  it,  we  may  fairly  con- 
clude, that  the  same  capital  puts  in  force  2  or  3  times  the  industry 
It  home  when  employed  in  the  home  trade,  that  it  does  when  em- 
ployed in  the  foreign  trade. 

4thly.  Cjmfiarative  imfiortance  of  the  forngn  trade  and  home 
trade  in  fioint  of  amount.  The  country  of  all  others  most  engaged 
in  foreign  trade,  and  generally  cited  as  an  example  of  riches  and 
prosperity  denved  from  this  source,  is  Great  Britsdn.  Let  us  see 
What  her  foreign  trade  amounts  to,  compared  with  her  internal  com- 
merce. 

The  war  with  Franc?  has  now  continued  seven  years.     It  be- 
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gan  in  1793.  In  estimating  the  value  of  the  foreign  tnde  cf 
Great  Britain,  and  taking  the  amount  of  exporta  aa  the  exfmm 
tf  it,  I  shall  confine  mjraelf  to  the  year  precedbg  the  irar.  Be- 
cause, the  first  year  of  the  war  evidently  sank  the  amMBt  mtMi 
five  millions  sterling  below  the  natural  progressive  standard;  be- 
cause, in  time  of  war,  there  is  no  steady  march  of  foreign  tiads; 
the  exports  involve  much  of  hazardous  speculation.  Becaiuethe 
eustom^iouse  entries  are  swelled  by  the  amount  of  exports,  dm* 
nsting  of  articles  consumed  in  the  war  itself,  and  pnrchaiedlif 
government  for  the  use  of  armies  and  navies ;  and  Iheae  eadriei 
are  gravely  brought  forward  as  evidences  of  the  great  iiicreaae  rf 
trade  and  national  prosperity ! 

I  know  the  objections  to  the  accuracy  of  custom-home  «nlkit% 
and  their  official  compared  to  their  real  value ;  but  they  are  the  beit 
evidence  we  have ;  and  an  error  of  two  or  three  miUiont,  will  msfct 
no  difference  in  the  present  reasoning. 

/  tay  then^  that  the  groaa  amount  of  the  exfiorta  qf  Omit 

Britain  fireviona  to  the  year  1794,  vfhen  the  nation  waajuiiy  f» 

Marked  in  the  fMtr,  never  reached  25  miiliona  aterling. 

y  Groaa  amount     Balance     ^ett  cuatoma /laid 

^^''*        qf  export.        qf  trade,     into  the  exchequer. 

1793  34,905,300  5,776,618  4,027,330  >  Upon  export 
1793  30,390,180  1542,154  3,978,645  3  and  import 
I  state  it  also,  as  a  calculation  well  known  and  generally  recci^ 
ed  in  that  country,  that  a  merchant's  and  manufacturer's  cktt 
profit  is  13  1-3  per  cent  on  his  capital,  which,  on  35  millionsi  wS 
be  3,13^,000/.  This  is  paid  by  the  foreign  consumer,  and  the 
nation  gains  it.  The  trade  of  Ireland  that  year  may  be  calcuhtri 
at  3  1-3  millions,  on  which  the  gain  will  be  437,500/.  So  thst  in 
the  most  prosperous  year  of  peace,  the  clear  profit  on  the  whak 
foreign  commerce  of  Great  Britain  and  Ireland,  can  hardly  be  taken 
at  more  than  3  1  -2  millions  sterling! 

Let  us  now  see  what  is  the  amount  of  the  home  trade,  or  intend 
commerce ;  this  consists  of  the  amount  of  agricultural  produce* 
and  the  amount  of  nuuiu&cturing  produce :  including  woodSy  mine* 
rals  and  fisheries. 

It  appears  from  tlic  first  report  of  the  select  committee  oo  the 
waste  lands,  ordered  to  be  printed  December  33,  1795,  that  there 
are  in  Great  Britain  73,385,638  acres,  of  which  51,178,637  are 
cultivated,  and  33,107,000  arc  uncultivated.  The  cultivated  lands 
of  Great  Britain  produce  a  wheat  crop  of  certainly  not  leas  than 
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18  tmshdian  licre :  Arthur  Young,  a  competent  judge,  states  it 

u  3i  for  Etigland.    Wheat,  however,  does  not,  or  ought  not,  to 

occupy  more  than  one  year  in  four ;  the  others  being  appropriated 

to  polatoes,  rye,  barley,  oats,  beans,  peas,    turnips,    cabbages, 

cirrots,or  grasses.    If  the  average  ci-op  tlicrefore  be  taken  at  10 

buriiels,  it  will  be  somewhat  below  the  amount.    The  average 

price  of  wheat  for  December,  1792,  according  to  Young's  amials 

sfagrlcakure,  was  6«.  \d.     Thiswiii  make  the  average  produce 

«f  the  agriculture  of  the  kingdom  3/.  sterling  per  acre ;  a  calcula->> 

tioa  sufficiently  low,  when  it  is  considered,  tliat  this  produce  must 

nuntain  the  farmer  and  his  family,  his  labourers,  his  horses :  it 

must  pay  the  rent  of  the  land,  the  tythe,  the  parliamentary  taxes. 

Hid  the  poor  tax.     At  this  rate  the  gross  amount  of  the  ammal 

ipicultural  produce  of  Great  Britain,  is  150  millions  sterling :  cx« 

dosive  of  mines,  fisheries,  and  wooJs.    As  the  import  of  grain  is 

vny  great,  the  whole  of  tliis  amount  belongs  to  home  consumption. 

The  calculations  of  the  statists  of  that  country,  arc,  tliat  the 

nanuiacturers  and  mechanics  equal  in  number  the  labourers  in 

tgriculture.     It  is  not  therefore  too  much  to  assign  to  the  manu* 

facturing  and  mechanic  labour  for  the  home  trade  of  Great  Britain, 

ttM  third  part  of  the  agricultural  value,  or  50  millions. 

Great  Britain  contains  1 1  millions  of  people,  Ireland  more  than 
ttute.  If  the  internal  trade  of  Ireland  be  taken  at  one  tenth  of 
Great  Britain,  then  will  the  annual  circulating  wealth  of  tlie  inter- 
na commerce  of  the  British  empire,  he  not  less  than  330  millions 
iteiimg. 

This  subject  may  be  otherwise  considered.  The  actual  expen* 
Aore  of  the  rich  and  poor  taken  on  average  of  Great  Britain,  can- 
not be  less  than  one  shilluig  sterling  per  head  per  day,  for  food, 
•lel,  furniture,  and  clothing.  It  is  probably  much  more.  But  1 1 
vuUions  of  people  at  I  s,  st.  per  head  per  day,  will  amount  to  200 
millions  and  3-4 :  a  coincidence  of  calculation,  tliat  gives  weight  to 
^  principles  on  which  it  is  founded. 

If  the  gross  amount  of  the  foreign  trade  of  Great  Britun  then  be 
^3  millions,  at  the  same  time  when  the  gross  amount  of  the  home 
Ifide  is  200  millions,  who  can  he  mad  enough  to  attribute  the 
power  and  prosperity  of  that  Kingdom  to  the  foreign  trade  ? 

Ajain.  The  taxes  of  that  country  must  be  bore  partly  by 
the  foreign,  partly  by  the  home  trade.  Last  year  (1798)  the  mi- 
nister demanded  supplies  to  Uie  amount  of  35  millions :  the  gross 
fiiccipt  of  the  cufstoms  w.is  5  1-2  mil liorjs  including  export  andimr 
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port.  What  capital  was  it  that  bore  the  rest?  But  in  fact,  tke 
foreign  trade  bore  but  about  one  half  of  this  5  1-3  millions,  for  itk 
the  home  consumer,  not  the  foreign  consumer,  that  pays  the  tax  oo 
import :  that  tax,  is  a  burthen  not  on  the  foreign,  but  on  the  home 
trade.  Of  the  35  millions  required  tlierefore,  the  foreign  trade  cf 
Great  Britain  did  not  supply  tlu*ce. 

So  in  1800,  tlie  Custom  house  produced  about  six  and  time- 
fourths  millions.  But  the  interest  of  the  debt  that  year  wn 
1.20,186,507  and  the  demands  of  supply  for  the  army,  the  navyi 
tlie  ordnance,  the  civil  list,  the  miscellaneous  services,  the  intereit 
of  the  loan,  &c.  as  much  more.  But  if  the  foreign  trade  can  iaiv 
nish  as  hi  this  case,  but  a  sixth  part  of  the  supplies  required,  wbeie 
does  the  rest  come  from  ?  Is  there  any  other  source  but  the  inUff- 
nal  commerce  of  agricultural  and  manui'actui'ed  produce  ?  Take. 
any  year  of  the  last  lialf  ccntui-y,  and  you  will  find,  tliat  the  fordga' 
trade  has  borne  but  a  very  small  part  of  the  national  burthens. 

Where  then  is  the  great  source  of  wealth,  of  that  powerful  and 
wealthy  country  ?  It  is  in  her  spirited  agriculture :  in  100  milUoDSrt. 
of  farming-capital,  permanently  laid  out  in  buildings,  in  fenceSi 
in  roads,  in  canals,  in  machines.  In  50  millions  more  annually  ex- 
pended in  manures,  m  rcpah-s,  in  exuberant  cultivation.  Here  ia 
the  secret  of  34  bushels  in  England,  16  in  France,  and  10  indna 
country.  And  so  in  her  manufactures ;  the  intense  activity  and 
energy,  which  the  high  price  of  living  requires  from  every  bodf 
in  England ;  the  wonderful  skill  acquired  by  the  division  of  labour; 
the  great  superiority  of  task  work  over  day  labour;  and  the  iaih 
mensc  capital  under  the  direction  of  profound  knowledge  in  tlie 
manufacturuig  machinery  of  that  country,  enable  her  inhabitanlla 
to  bear  the  enormous  cxpence  of  her  government. 

In  France  under  the  old  Regime,  if  a  man  posscst  5000  kNUi 
he  bought  a  nuuxjuisate :  in  England  a  young  man  with  5000  gni* 
neas  would  enter  as  the  junior  partner  of  some  house  of  repute. 
In  France,  a  tradesman  scorned  to  work  for  the  Canaille,  if  he  could 
help  it :  in  England  every  tradesman  consults  the  taste  of  the  great 
mass  of  customers,  the  middle  and  tlic  lower  classes  of  society.  Ib 
France,  accumulated  capital  was  spent ;  in  England  it  is  employed 
for  the  most  part  in  begetting  capital.  In  France,  trade  is  disrepa* 
ta1)lc ;  in  England,  all  kinds  of  industry,  aro  compatible  with  the 
acquirements  of  a  scholar,  and  the  polish  of  a  gentleman. 

By  the  report  on  tlic  waste  lands,  22  millions  of  acres  appear  ta 
be  uncultivated :  of  which  upwaixls  of  20  millions  admit  of  cuMva- 


PoBiical  Arithmetic.  171 

dHL  Suppose  being  cultivated,  the  produce  per  acre  migbt  be 
51.  sterling.  Then  would  the  waste  lands  of  that  kingdom  become 
I  Murce  of  wealth  to  the  nation  beyond  the  profit  of  the  whole  fo- 
Ki|[n  trade. 

Next  to  Great  Britwn,  France  of  all  the  great  European  powers 
htt  the  largest  proportion  of  foreign  trade.  France  contains  131,- 
713,711  acres:  that  is  130  millions  of  acres  exclusive  of  roads,  &c. 
The  proportion  of  produce  between  England  and  France  per  acre 
iiu  34  to  16.  From  the  data  furnished  by  A.  Young  in  his  tour  to 
Frmce,  v.  1  p.  389, 341,  et  seq.  I  calculate  the  grossamount  of  the 
produce  of  lands  in  France  at  30s.  sterling  per  acre,  or  300  mil- 
Ikms;  and  as  the  manu&ctures  of  that  country  are  greatly  less  va- 
bible  than  those  of  England,  I  should  not  rate  the  whole  amount 
ifthe  home  trade  of  that  kingdom  beyond  235  millions,  (1793-3). 
There  it  no  getting  at  accuracy  in  these  matters ;  especially  situa- 
ted as  I  am ;  but  luckily,  the  principles  in  question,  do  not  need 
■f  thing  more  than  a  reasonable  approximadon  to  truth. 

I  have  no  modem  facts  as  to  the  Commerce  of  France.  M.  Ar- 
toaM  in  his  Balance  du  Commerce,  states  the  average  exports  of 
hmce  from  1784  to  1788,  at  354,433,000  livres ;  or  about  fifteen 
■id  a  half  millions  sterling ;  the  average  for  the  same  period  in  Great 
ftitain  would  give  sixteen  and  a  half  millions.  Can  the  power  and 
prosperity  of  either  country  at  that  period,  be  ascribed  to  the  mer- 
thant's  gain  of  twelve  and  a  half  or  1 5  per  cent,  on  these  insignificant 
nms  ?  ought  we  not  rather  to  look  for  it  in  the  excess  of  industry 
iver  expenditure,  in  the  300  or  335  millions  of  home  trade  ?  £s-» 
pedally  when  it  is  considered  that  immediately  previous  to  the 
wr  of  1793,  the  taxes  of  Great  Britain  (exclusive  of  Tythe,  Road» 
nd  Poor  Tax)  amounted  to  near  30,  and  of  France  to  35  millions  ? 

We  are  surprized  at  the  exertions  of  Great  Britain,  and  her 
^  equality  in  power  to  France,  when  the  population  and  the  ter- 
ritory of  the  latter  country  is  so  much  greater.  But  we  shall  won* 
b  DO  longer,  when  we  consider  that  under  the  bold  expenditure 
if  brming  capital  in  Great  Britain,  tlie  quantity  of  agricultural 
iroduce  of  both  countries  is  nearly  equal,  and  the  manufacturing 
lADduce  of  the  latter  country,  much  greater.  Wealth  arises  from 
bmI|  and  labour,  and  capital,  being  employed  pi*oductively,  instead 
'land  being  kept  waste,  labour  unemployed,  and  capital  dissipated 
fruitless  luxury. 

But  let  us  turn  our  eyes  to  our  own  country.     Our  population 
aounts  now  (1800)  to  about  five  millions.    Suppose  5  acres  per 
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head  cleared  s  a  propordon  not  too  large,  for  I  know  by  repettei 
calculation,  that  it  takes  at  least  three  acres  to  supply  the  fiDo4 
and  drink  of  a  labouring  man  here,  as  labourers  usually  live.  Tbca 
will  there  be  35  millions  of  acres  in  cultivation,  producing  an  afe^ 
age  annual  value  of  5  dollars  per  acre,  or  28  millions  sterling.  Tbs 
produce  of  timber,  lumber,  fuel,  cabinet-wood,  game,  &c.^— of  d» 
fisheries  of  our  rivers  and  streams— of  home  manufacture  of  <fe» 
ry  description,  may  be  reasonably  computed  at  one  fourth  xnoRf 
making  a  total  of  35  millions  sterling,  for  the  home  produce  (tf  tfal 
American  states. 

The  last  report  of  the  gross  amount  of  foreign  trade  (our  9^ 
ports)  was  6 1  millions  of  dollars,  of  which  33  millions  was  the  valilft 
of  produce  of  foreign  nations.  Our  own  foreign  trade  theoi  ii 
mounted  to  28  millions  of  dollars,  or  about  six  and  one-fourthail* 
lions  sterling ;  while  the  gross  amount  of  internal  produce  is  Dead|p 
tix  times  that  sum. 

Such  was  the  state  of  things  about  1798,  1799. 

Hence  it  appears,  that  whedier  we  look  at  England,  Fnodb 
or  America,  the  gross  amount  of  the  home  trade  is  prodigi0iil|| 
beyond  that  of  the  foreign  trade ;  which  has  no  pretensiom  to  bl 
regarded  as  the  great  source  of  national  wealth. 

5thly,  The  lantU  of  America  stand  particularly  in  need  <if€9t^ 
ial.  When  I  state  this,  I  am  not  an  advocate  for  colcxuzing  tkl 
wilderness  two  thousand  miles  from  our  sea-board.  Our  frodte 
is  already  extended  beyond  all  reasonable  bounds.  But  the  spHis 
of  territory  we  might  prudently  populate,  is  not  half  peopled*  or 
near  it  Of  the  populated  part,  the  lands  are  not  half  cleared;  d 
the  cleared  lands  under  cultivation,  not  one  acre  in  a  hundred  ii 
half  cultivated.  I  am  afraid  I  over  calculate,  when  I  rate  an  afcr- 
age  wheat  produce  at  10  bushels,  most  certainly  not  half  the  avcf^ 
age  of  England.  1  Young's  French  Tour,  343, 431,  g^ves  the  dip 
tails  that  shew  the  superior  produce  of  England  over  France,  to  ba 
owing  to  the  greater  agricultural  capital  of  tlie  former  nation.  Ub* 
der  these  circumstances,  it  is  not  prudent  to  foster,  and  encoura|e 
the  investment  of  capital  in  foreign  trade. 

dthly.  The  capital  of  the  foreign  irade^  ia  more  preearioua  tkiok 
that  q^  the  home  trade.  Precarious  from  the  hazard  of  atomii 
the  haaardof  war,  the  hazard  of  failure  of  a  foreign  debtor,  livini 
at  a  great  distance  and  under  foreign  jurisdicticm.    The  Teiy  id« 

*  New  England,  on  72,000  squue  milesy  contained  1 1-4  ■uDiona  of  pco^ 
pie  inlSOO  :  not  18  toa  roiie. 
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«f  insurance  companies  is  commercial.  Hence,  if  the  same  capital 
could  be  empIo]red  to  equal  profit,  national  and  individual  at  home, 
it  were  better  so  employed  than  abroad. 

Suppose  a  ship  lost  by  storm,  by  depredation  upon  our  com- 
nerce,  by  unjust  adjudication,  the  value  is  gone  from  us,  it  is  an* 
liUlated.  It  is  true  the  merchant  may  lose  nothings— he  can  gene- 
nlly  lay  his  losses  on  the  consumer.  The  price  of  insurance  is 
firt  of  the  price  of  the  commodities  insured.  Suppose  the  va- 
lue of  a  cargo  laid  out  on  a  plantation,  in  building,  fencing,  making 
roids,  manuring,  8cc.  a  storm  may  destroy  the  crop,  as  well  as  the 
ittp,buttne  produce  of  the  year  only  is  lost:  the  capital  still  re- 
BtiiM,  permanent  and  productive. 

rthly,  The  m^chanty  and  all  the  fieofile  directly  emftioyed  by 

kkHf  rank  among  the  unproductive  cloMMe*  of  nociety.     The  farmer, 

te  wood-cutter,  the  miner,  the   maiiufiacturer,  tlie  fisherman^ 

caploys  his  capital  and  labour  in  producing  substantial  riches, 

wne  commodity  of  vidue.     I  know  this  has  been  doubted  as  to  tlie 

iVBufacturer ;  but  it  is,  in  my  opinion,  absurd  to  say  that  a  milU 

upright,  a  saw-maker,  an  engineer,  and  all  who  convert  raw  matc- 

iUs  into  labour-saving  articles,  are  not  of  tlic  productive  class ; 

iad  eminently  so.     This  may  be  occasionally  the  case  witli  the 

isrsons  in  question,  but  we  are  not  talking  of  exceptions  to  a  gcnc- 

id  rule,  but  of  the  rule  itself. 

The  merchant,  the  agent,  the  factor,  the  retsdler,  the  clerk, 
the  captain,  the  seamen,  are  employed  in  arranging,  assorting, 
(fiTiding,  transporting  what  has  been  already  produced  by  the 
ctpital  and  labour  of  others.  If  produce  be  (as  it  clearly  is)  tiie 
real,  the  only  riches  of  a  country,  we  ought  to  aim  at  cncreaslng 
Hi  and  encourage  (if  the  system  of  encouragement  he  adopted  at 
aU)  the  employments  that  are  productive,  rather  than  tiiose  ttiat 
ut  not  so.  All  these  people  are  usefully  employed  under  the 
VMem  of  commerce  ;  but  it  forms  a  di^wback  to  that  system,  tliat 
10  many  persons  are  unproductively  employed.  I  am  aware  of 
^  objection,  where  will  you  find  a  market  \  There  is  never 
Hot  of  a  market  in  a  new  settlement:  you  zznmakr  your  market, 
kf  manufacturing  a  great  part  of  what  you  buy.  When  provision^ 
koome  a  drug,  manufacture  starts  up,  and  population  alx>iUKls. 
Tliis  it  the  most  desirable  and  most  permanent  order  of  tliingsi 
because  nature  herself  has  pointed  it  out. 

3thly,  Mercantile  succeiM  tem/it»  to  imprudent  erf.er.diture  and 
peculation.     It  is  no  slight  objection,  that,  while  by  the  peaceful 
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labours  of  agriculture,  gains  can  be  made  but  slowlf,  gradnallft 
and  by  the  regular  exertions  of  habitual,  wholesome  industry— -the 
commercial  speculator,  often  gets  rich  by  accident,  by  impnideot 
and  unfair  venturing,  by  sudden  exertions.  Wealth  thus  sudden- 
ly obtained,  is,  in  many  respects,  detrimental  to  the  commuiuty.  It 
operates  as  a  lottery :  it  tempts  capital  into  trade  beyond  prodot 
bounds :  it  enUces  to  unjustifiable  boldness :  it  too  often  intro> 
duces  ostentatious  luxury,  not  warranted  by  the  sober  dictates  of 
moderate  and  regular  gains. 

9thly.  The  merchant  iaofno  country.  That  is,  he  is  not  neoei" 
tiarily  attached  to  any.  His  connections  are  as  much  out  of  )k 
native  country,  as  in  it ;  he  has  frequently  inducements  to  sojom 
abroad :  the  domicil  of  nativity,  and  the  mercantile  domicili  ait 
so  ofteil  different,  that  the  distinction  with  the  privileges  belong^' 
to  it,  are  recognized  and  settled  in  the  laws  of  all  commerad 
countries.  His  property  is  moveable,  transportable ;  that  u  kb 
countr}-,  where  his  interest  calls  him,  where  his  means  of  gna 
have  located  his  investments.  Where  the  treasure  is,  there  iril  j 
the  heart  be  also. 

Nor  is  it  to  be  expected  that  mercantile  speculations,  wiDte' 
voluntarily  regulated  by  national  expedience.  It  is  the  merchnA 
business  to  attend  to  his  own  concerns ;  let  the  governors  of  the  ndod ' 
attend  to  the  national  concerns.  Of  what  consequence  is  it  to  Ae 
merchant,  at  what  expense  the  commerce  of  his  country  is  sup 
ported  ?  the  nation,  tlic  home  consumer,  pays  for  all.  Increased 
cv  pcr.cos  are  always  and  reasonably  laid  on  the  price  of  the  cammo- 
liity :  the  merchant  therefore  cares  little  about  them,  provided  they 
.uv  common  to  the  body  of  merchants.  It  is  his  interest  tomag- 
tiify  the  great  importance  of  foreign  commerce;  to  obtain  protec- 
tion for  it  though  at  ten  times  its  value  to  the  nation ;  to  engagt 
'^vcrnment  on  his  side ;  and  this  unfortunately  he  is  gcnenDf 
oiublod  to  do«  by  his  impoitance  to  revenue,  to  loans,  to  banks,  ta 
«ir.ai*ice  operations ;  men  in  power  and  merchants  are  always  allicSi 
However  clear  bighied  as  an  individual,  the  9tate9man^  sees  BO- 
;hing  but  nevcnue.  The  merchant  sees  and  steadily  pursues  his 
owii  interest.     Is  not  this  too  natural  to  be  blameablc  ? 

Mareover.  the  merchant's  occupation  is  always  Uable,  not  only 
:othr  temptation  of  illicit  pursuit,  but  to  the  jealouues  of  foreign 
..icTi:..**.^  ::;tc.T.-t5«  to  quarrels  and  controversies  Involving  nadon- 
■  }  'z  .\:.^.    T.i  -  -^  •  r*";»r?crrcflcci  cr  Uic  cover  our  profcsaed  neu- 
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infitf  bas  allbrded,  during  these  seren  years  of  condnental  war 
[If  93  to  1800)  for  illicit  trade,  for  jealousy,  for  comi^aiDt,  for  at^ 
tick,  for  real  and  for  pretended  retaliation. 

From  all  these  objections,  the  home  trade  is  free.  The  home 
tnder  is  fixed;  he  has  his  all  at  stake  in  the  country  he  lives  in; 
be  can  have  no  interest  out  of  it ;  he  can  be  counted  upon ;  foreign 
kterests,  and  foreign  governments  have  no  hold  on  lum ;  he  has 
Bother  the  temptation,  the  means,  the  opportunity,  or  the  inclina- 
tion of  doing  national  mischief,  or  giving  cause  for  national  offence, 
or  giving  rise  to  national  quarrels ;  in  the  common  course  of  things, 
and  necessarily,  his  interests  and  his  country's  interests  are  coin- 
ddcDt ;  his  gains  are  his  country's  grains ;  whatever  capital  he 
employs,  stimulates  not  foreign  but  home  industry ;  it  is  employ*, 
ad  b,  and  upon,  and  for,  his  own  nation  and  national  territory ;  all 
Ui  affections  and  associations  are  connected  with  home,  and  con* 
lis  there. 

lOthly,  Commerce  hoM  never  fiaid  the  interest  of  the  cxperuive 
ffn  it  ha§  induced.     It  is  useless  to  examine  this  question  by  the 

Ciple  of  many  of  the  maritime  countries  of  Europe.    Thein- 
ces  from  British  facts,  will  sufRce  :  ex  uno  diece  omnea. 

I  Sir  John  Sinclair  states  the  commercial  wars  of  George  II. 
imd  George  III.  (2  Hist,  of  the  public  revenue,  99)  as  follows : 
nr  of  1739,  46,418,689/.:  war  of  1756,  111,271,996/.:  American 
vir,  159,171,876/. :  Russian  and  Spanish  armaments,  2,31 1,385/. : 
Total,399,  173,946,  or,  in  round  numbers,  300  millions  sterling. 

Government  has  borrowed  at  rates  from  4  1  -2  to  5  1  -2  per  cent. 
Now  I  should  be  glatl,  if  any  advocate  of  the  commercial  system 
tould  point  out  to  me,  when  Great  Britzdn  ever  made,  or  when  she 

II  likely  to  make  15  millions*  profit  on  a  year's  expoit  I 

But ;  the  fifteen  million'annual  tnxcfi  thus  permanently  saddled 
<B  the  country  in  support  of  the  commercial  system,  is  not  all.  On 
tbe  30th  of  Dec.  1792,  parliament  granted  as  supplies  for  the 
^vy,  for  179 3,  somewhat  above  4  iml lions  sterling.  A  sum  that 
bu  annually  encreased  ever  since  that  time :  but  I  confine  myself 
to  the  peace  establishment.  I  well  know  tliat  a  navy  is  necessary 
to  Great  Britain  as  a  means  of  defence,  but  not  such  a  navy  :  Pier 
iMvy  is  not  employed  in  home  defence,  nor  a  fourth  part  of  it. 
The  East  Indies,  the  West  Indies,  the  Mediterranean,  the  whole 
World  dotted  over  with  her  commercial  colonics,  call  for  it.  I  am 
ptatly  within  bounds,  if  I  state,  tliat  two  of  the  four  n^illions  is  to  be 
egularly  rharq;c(ltc  hfr  cwminrrdal  syRtrrn.     Looh  iiito  the  mis- 
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cellaneous  services  for  the  same  year^  and  you  may  pick  out  abotfC 
half  a  million  more  that  goes  to  tlie  debit  of  the  same  account  Ad- 
mirable  system !  which  purchases  an  annuity  of  3  millions  and  m 
half  at  the  certain  expence  of  an  annuity  of  17  millions,  and  the  pro- 
bable ex  pence  of  as  much  more.  For  war  and  conmierce  are  stea- 
dy companions.* 

I  say  nothing  as  to  the  East  India  Company.  That  concern  is 
insolvent. 

Much  indeed  of  all  this  expence  has  been  owmg  tcr  the  system 
of  colonizati(Hi :  but  colonization  is  the  immediate  offspring  of  fb* 
rcig^  commerce,  whose  life  and  soul  on  the  modem  system  is 
monopoly.  I  am  decidedly  convinced  that  colonies  are  xnillstones 
round  the  neck  of  every  European  nation  that  has  fostered  them; 
the  very  worst  part  of  the  system  of  Commerce.  I  am  sony  to 
say,  that,  much  of  the  calculations  which  demonstrate  this,  art 
applicable  to  the  conduct  of  the  United  States,  in  their  mode  rf 
peopling  the  wilderness  of  America.  The  frontier  is  extended 
till  the  strength  of  the  country  is  weakened.  I  almost  doubt  if  vi 
are  at  this  moment  so  competent  to  meet  hostilities,  as  at  the  bjV 
ginning  of  the  revolutionaiy  war. 

llthly,  The  modem  ayetcm  t^  foreign  commerce^  U  the  moti, 
firoductive  source  of  human  misery. 

Almost  all  modem  wars  ZTCfturely  commercial:  non^  of  diem 
are  free  from  commercial  motives  and  considerations.  Would  to 
God  the  means  existed  of,  easily,  cheaply,  and  surely  destroying  a 
^hip  of  war !  The  quarrels  of  nations  are  no  longer  local.  Sting  tho 
pride,  or  touch  the  interest  of  England  or  France,  and  devastatioa 
extends  at  once  to  every  quarter  of  the  globe  ! 

It  was  not  better  two  centuries  ago,  when  the  colonijcing  an4 
commercial  system  began  to  rage.  Turn  your  eyes  to  the  con* 
duct  of  the  Spanish  in  South  America— the  Portuguese  ia  Aftics 
—the  British  and  Dutch  in  the  East  Indies— -to  the  slave  trade, 
tliat  disgrace  of  humanity,  and  say  if  this  position  requires  &rther 
proof.— 

r2thly,  The  most  flourishing  J  fiofiuloua^  and  beat  cultivated  parts 
^f  Eurofir^  are  net  maritime  or  commercial,  I  except  Holland; 
that  Is  not  a  country  but  a  city  of  merchants ;  driven  into  the  sys* 

*  Th;j  is  not  much  unlike  the  infatuation  of  Great  Britain  aa  to  the  woollen 
trade.  It  seems  to  me  proved,  that  the  whole  commercial  profit  of  that  avaii> 
cious  maimfacture,  has  been  tukeii  ih>m  the  pocket  of  the  Eiiglisli  f:'rmer»  vbo 
has  been  profiibited  from  exporting  bis  wool.  Uut  the  farni(:r  is  an  anii&alj 
wliom  the  merclianl  and  the  nia<mfr.cturer  csn  shear  with  impunity. 
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Knr  of  foreign  commerce  and  the  carrying  trade  by  their  maritime 
■dadon ;  they  had  no  other  resource,  for  they  possess  Gompara-* 
lively  no  territory. 

I  select  the  following  from  Jameson's  Political  Geopraphy» 
rticfa  I  prefer  to  Zimmerman's.  Tnc  first  table  contains  ttie  ma- 
tkfane  and  commercial  nations,  with  the  inhabitants  upon  a  square 
mile.  The  second  table  contains  the  states  which  enjoy  little  or  no  fo« 
nig^  commerce,  with  the  inhabitants  on  a  square  mile  in  those  states. 


TahU  Firat, 
Dfeat  Britun  and  Ireland,  1 1 1 


GTeit  Britain,     •     «     • 
Eagland  and  Wales,      - 

119* 
I50t 
109 

Bcotland, 
prance, 

jSpun, 

59 
I57t 

70 

frrtugal, 
wenmarkf 

72 
13 

■reden. 

14 

Hiropean  Russia, 

17 

\ 
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Second  Table, 

The  whole  of  Germany,  135 

Palatinate  of  the  Rnine 
with  Bavaria, 

Electorate  of  Saxony,  150 

French  acquisition  on  th  >  ,^^ 
left  bank  of  the  Riiine,  J  "^^^ 

Piedmont,  -        •        240 

The  Milanese  and  Aus-  >    ^.^^ 
trian  Italy,        -    -     5    ^^^> 

The  Pope's  State,  160 

Republic  of  Venice,  193. 

To  which  it  will  not  be  unfsdr  to  add  the  empire  of  China  with 
|b  foreign  trade,  but  permitting  every  naUon  on  payment  of  duties 
b  fetch  away  her  Commodities,  333  per  square  mile.  To  say  no- 
tting  of  the  inland  country  of  India,  equally  populous,  by  the  cul* 
iNadon  of  the  earth,  and  internal  manufacture.^ 

I  may  assert  further,  as  a  known  fact  to  European  travellers  or 
Iteders  of  travels,  that  the  public  monuments  of  art  and  apparent 
#ealth  of  the  second  table,  exceed  the  fii*st. 

13thly,  The  Commercial  natiom  have  uniformly  fallen  before  the 
igricultural  nations. 

*  Zimmerman. 

t  This  is  fiur  too  great,  being  calculated  on  a  surface  of  79,712  square  miles, 
rkoeas  the  report  of  the  Gomtnittce  of  waste  landi,  before  quoted,  make  a 
ur&ce  of  seventy-three  and  one-fourtli  miUions  of  acres,  or  about  114,5- JO 
qaare  miles,  or  about  106  to  a  square  mile.  There  are  in  fact  not  so  many. 
Iiatribute  11  miUions  of  souls  over  114,500  square  miles.  All  the  preceding 
HlouUttions  are  therefore  too  high  for  the  tame  reason. 

f  This  is  too  hig^,  being  calculated  on  a  surface  of  157,924  square  mikfl^ 
rberefts  Neckar  and  Young  allow  205,816  square  miles  to  old  France. 

S  Young  states  the  Milanese  at  354  per  square  mile. 

)  Inland  towns  of  2  or  3  millions  of  people,  have  not  been  uncommon  in  In* 
ja.  Visapour,  an  inland  town,  contained  at  one  time  near  a  mUUon  of  faoufeof- 
lee  Captain  Hoore^  narrative. 
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Anticntly,  Tyre,  Sidcm,  Carthage,  before  the  Macedonians  and 
Romans:  Athens  subdued  by  Lacedaenion:  Corinth,  SyracusCf 
Aiexandria,  by  the  Romans :  Byzantium,  by  the  followers  of  Ma- 
homet. Where  are  Venice,  Geneva,  the  Hans  Towns,  Holland  ? 
In  commercial  nations,  suiplus  wealth  is  mostly  expended  in  ar- 
ticles of  luxurious  consumption,  que  ifiao  usu  con%umuntury  and 
field  no  profit. 

In  agricultural  countries,  a  far  greater  portion  is  spent  in  sub* 
stantial  improvements  on  estates ;  in  luxuries  perhaps,  but  in  per* 
niancnt  and  productive  luxuries.  Hence  provisions  are  cheap^ 
population  thick ;  the  raw  materials  of  warfare  easy  to  be  found. 

What  then  arc  we  to  conclude  ?  Prohibit  commerce  ?  Refuse 
protection  to  our  citizens  engaged  in  lawful  occupations  ?  Are  not 
our  merchants  as  much  entitled  to  defence  as  any  other  class  ?  No* 
Prohibit  nothing :  but  protect  no  speculation,  no  investment  of 
capital  at  an  expence  beyond  its  national  ^'alue. 

If  wars  are  necessarily  attendant  upon  commerce,  it  is  (at  wiser 
to  dispense  with  it ;  and  imitate  tlie  nations  who  have  fiourishel 
without  foreign  trade.  Those  who  want  your  commodities  wiH 
fetch  tl)cm  away.  If  tliey  will  go  to  China  for  tea-cups,  they  wiD 
come  to  America  for  bread.  But  if  your  merchants  chuae  tlw 
mode  of  investing  their  capital,  do  not  forbid  them.  Let  them  do 
it  like  other  adventurers,  at  tlicir  own  risk.  While  it  is  profitablfDf 
let  them  pursue  it ;  but  should  the  quarrels  of  other  nations^  rem* 
der  it  unprofitable,  do  not  bolster  it,  up  by  the  bounty  of  protectkui 
at  an  expence  of  ten  times  its  value,  and  at  the  hazard  even  of 
national  existence.  Foreign  trade  with  peace  is  desirable,  butnoL 
6o  if  it  be  the  parent  of  war. 

All  wai's  should  be  defensive  wars,  and  tliose  only :  pro  aria  e^ 
/ocisy  for  our  houses  and  homes.    Can  we  call  a  war  undertaken 
protect  a  mercantile  speculation  5000  miles  off,  a  deftnaive  war  I 

At  any  rate,  sit  down  and  count  the  cost.  If  the  expence 
fencing  my  garden  lot  against  depredation,  will  exceed  the  Talu~<^ 
of  the  ground,  and  involve  me  in  a  law  suit  into  the  bargain,  I  bs.d 
better  let  it  remain  uncultivated. 

If  any  profession  is  to  be  festered,  let  it  be  the  tiller  of  tb^ 
earth :  the  fountain-head  of  all  wealth,  of  all  power,  and  all  proA-' 
pcrity.  Improve  your  roads,  clear  your  rivers,  cut  your  canat^t 
tuild  your  bridges,  establish  schools  and  colleges,  facilitate  inter^ 
course,  and  diffuse  knowledge  of  all  kUids.  No  fear  but  if  you 
produce  and  people,  they  will  find  theii  market,  either  at  home 


ift>roQd.  It  will  soon  be  discovered,  what  articles  are  most  wanted, 
irhat  are  most  profitable,  aiid  these  will  be  supplied.  On  this  sim- 
ple plan  of  home  dtfencc^  wars  may  bo  avoided,  for  what  nation 
vouldor  could  invade  this  ?  But  on  the  system  of  foreign  com- 
merce, the  misconduct  of  your  own,  or  of  foroign  merchants,  vnll 
fbrcver  make  peace  insecure.  Even  your  honourable  successes 
vill  be  causes  of  jealousy  to  other  nations  whose  councils  arc  gui- 
ded by  mercantile  policy,  and  the  maxims  of  the  counting  house. 
Oil  that  system,  wai-s,  debu,  taxes,  and  despotism  will  be  inevitable^ 

T.  C. 


SUGAR  FROM  BEETS  AND  GRAPES. 

I  observe  in  some  late  numbers  of  the  Momteur,  that  to  April 

J3I2,  (Monit  of  19th  April  of  that  year)  two  hundred  and  four- 

ieen  licenses  had  been  taken  out  for  the  manufacture  of  sugar  from 

[  beets  in  France ;  hence  I  presume  it  must  be,  not  only  a  practica- 

hkf  but,  in  that  country,  a  pi-ofitable  concern,  or  tJie  tax  would  not 

i'^  Wpaid  for  the  license. 

Klaproth,  who  repeated  Achard's  exj^riments  on  tins  sub- 
1^  ject  at  Berlin,  procured  iVoni  25  bcct-rcyjts,  which,  when  lop- 
ped and  scraped,  weighed  33  l-2lb.  19  3-4lb,  of  juice  by  expres- 
sion. The  squeezed  residuum  was  boiled  in  water,  and  again  pres- 
sed. The  liquors  added  together  were  boUcd  to  a  syrup,  strained 
and  slowly  evaporated.  Tiie  raw  sugar  amounted  to  2ib.  and  12 
ounces. 

The  king  of  Prussia,  in  the  fall  of  1799,  appointed  a  committee 
to  repeat  these  experiments.  They  did  so.  From  ISOOib.  of 
beet-root,  they  prctluced  393ib.  of  syrup;  which  yielded  STIb.  of 
tolerably  wliite  powder  sugar. 

I  mention  this,  not  to  recommend  tJie  substitution  of  bcctr.  for 
the  sugar  cane,  though  I  hope  we  shall  soon  substitute  Loiiir,\ii;cj 
for  the  West  Indies  ;  but  to  suggest  a  query,  whether  tho  exprcs- 
5ed  juice  of  beets,  would  not  bo  a  ])ioritibIi^  ai-ticlc  to  distill  ? 

The  French  also,  procure  sugar  from  t  ic  synip   of  grapc:i^ 

(Appercus  des  resultats  ohtcnus,  kc.)     "  PrictxrJ  viow  of  the 

,*  «  results  obtained  from  tl\e  syrup  and  consen-c  of  grapes  in  Fi  3iic/, 

•  di:  ring  the  years  1810  and  1811,  by  M.  Parinciitit:!',  pu'oii';?\''l!v 

^  urder  of  govenunent— -pricn  5  frrjics  " 
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BURNING  GLASSES. 

A  remarkably  large  parabolic  lens  was  recently  purchased  4 
Vienna,  for  the  French  government.  It  was  made  at  Grats,  io 
Styria,  by  Rospine^  a  celebrated  mechanist,  for  some  alchemist  It 
was  not  cast,  but  softened  by  heat  and  bent  over  a  parabolic  mould. 
Several  pieces  were  broken  before  he  succeeded  ;  so  that  it  ccit 
originally  from  800  to  1200  guineas.  It  is  three  feet  three  inchea 
in  diameter,  and  of  eight  feet  four  inches  focus ;  composed  of  \ 
pieces  of  glass  united  together  by  an  iron  hoop  so  as  to  form  a  hoU 
low  vessel,  capable  of  holding  eighty  or  ninety  quails  of  spirits  ot 
wine.  M.  Jacquin,  of  Vienna,  and  several  men  of  science,  who 
witnessed  the  experiments,  declared,  that  it  burned  a  diamond  id  i 
few  seconds,  and  fused  platina  in  a  few  minutes.  A  button  of  pb- 
tina  weighing  twenty-nine  gndns,  was  melted  by  it,  and  made  k  ^ 
part  to  boil.  The  diameter  of  the  focus  docs  not  appear  to  exced  \ 
four  lines.     It  weighs  550lbs.  avoirdupois.    London  Pafi, 

This  seems  to  me  to  be  an  improvement  in  the  manufacture  of 

lenses. 

0/ burning  glasses.  I  have  examined  the  question  concoiH 
ing  the  burning  glasses  of  Archimedes.  It  rests  upon  ^'ague  nt 
second  hand  authority.  Polybius  says  notliing  of  it :  nor  hwjt 
nor  Plutarch.  There  is  not  autiiority  sufficient  for  tlic  story  of  the 
burning  glasses  of  Proclus.  Such  feats  may  have  been  done}  '• 
there  is  no  clear  testimony  to  warrant  our  assertion  that  they  wers 
done. 

In  modem  times,  the  glasses  of  Villette,  Tchimhauseny  But 
fon,  Trudaine,  and  Parker  arc  well  known.  That  of  M.  Trudaine 
made  at  tlie  expencc  of  1000/.  stcrluig  and  presented  by  Mm  to  the 
Academy  of  sciences  was  constructed  somewhat  on  the  principle  | 
of  the  above  mentioned  lens.  Two  concave  glasses,  joined  bf 
tlieir  edges  so  as  to  present  a  cavity  of  4  feet  diameter,  filled  with  i 
140  French  pints  of  spirit  of  wine.  It  was  broken  by  accident  soon 
after  it  was  presented.  In  tlie  glass  above  mentioned  made  at  Vi- 
enna, tlie  improvement  seems  to  be,  the  bending  the  plane  glasses 
by  gradual  heat,  over  the  mould. 

Parker's  lens,  made  at  the  expence  of  700/.  sterling,  was  sold 
by  him  for  less  than  prime  cost,  and  carried  out  by  Lord  Macart< 
ney  as  a  present  to  the  emperor  of  Chuia,  to  be  placed  among  tba^ 
toys  of  that  childish  couit.     Tnis  was  clearly  the  best  lens  e?er  ^ 
constructed ;  and  it  is  a  disgrace  to  the  nation»  that  Mr.  Parker  ^ 
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obliged  so  to  dispose  of  it ;  and  that  a  philosopliical  instruxncnty 
th.'  fiuest  of  the  kind  the  world  had  yet  seen,  sliould  have  been  so 
egregiously  thrown  away. 

Tiie  blow  pipe,  supplied  with  hydrogen  and  oxygen  gasscs, 
afforcU  a  degree  of  heat  nearly  eqi^al  to  tlie  best  burmng  glass. 


Dr.  Bollman,  who  has  so  ably  discussed  (but  not  exhausted) 

the  question  of  banks  and  paper  money,  has  succeeded  in  maiiu- 

bcturing  Platina  into  bars,  wire,  spoons,  and  crucibles.     I  do  not 

know  his  process,  which  he  has  a  right  to  reserve  for  his  own 

emolument.     T:ie  common   method  is,  to  dissolve  the  platina  in 

■tro-muriatic  acid,  to  p  -ccipitate  it  wn'i  sal-ammoniac  ;  to  redis- 

irfw  and  rcprecipitatc  this  oi'ange-coloured  ox  yd  of  platina ;  to 

pot  it  when  dry  into  a  crucible  without  addition,  unless,  perhaps, 

k     of  hmp  black.     It  is  exposed  to  a  strong  heat  till  it  becomes  ag- 

i    ^itinatcd  in  a  spongy  mass.     Tnis  spungy  mass  while  strongly 

ktied,  is  pressed  down  >vith  as  much  force  as  the  crucible  will 

*inut|  and  this  is  contmued  till   tlie  parts  approximate.    The 

BUi  is  then  taken  out,  and  hammered  gradually  and  geiuly,  till 

'unites  in  an  uniform  mass,  and  is  tlien  rolled.     Tnis,  I  say,  is 

I     the  common  method. 

p  Dr.Bollman's  platina,  is  of  specific  gravity  19,7  the  same  as 
■  pU.  Mr.  Cloud,  of  the  mint,  to  v/liom  we  are  indebted  for  much 
^^Klulaad  curious  knowledge  on  platLn,  and  the  methoth  of  puri- 
TUg  it,  has  freed  it  from  the  iron,  pi^lbdium,  iridium,  and  rho- 
^fiwB,  80  that  his  specimen  of/mrr  plailsir.,  is  upv/ards  of  21  spec. 
S'*'-  I  give  this  notice  with  \^vczX  salisiaction,  ia  hopes,  that 
'^•"•Bollman  may  benefit  by  it,  as  v/ell  as  ih3  pubHc.  He  is  cn- 
^  so  to  do. 

Tnc  same  gentleman  has  also  succeeded,  i:i  a  nmall  way,  in 
l*rifyingthc  pyixtiigncous  acid,  so  as  to  make  \l  :i  Lubsiitiitc  for 
*teled  vinegar :  a  maiiuracture,  attcr.:icd,  as  I  Lear,  with  great 
[  success  in  Frj.ncc.  In  Esigland,  the  pyroligiicou^  acid  (the  acid 
I  Bqnor  poduced  from  wood  by  distillalioi;)  has  lo:;;;  ":)o:  ii  applied  in 
I  AeUrge  way,  to  the  making  of  Ivoii  iiy :  .  *,  f::'  *:ic  dycrri  aiul  prin 
■f  fcn  of  Loudon  and  Mi^nclicst^-. 


1Q2  MiseellancMs^ 

CAST  IRON, 

It  has  been  mentioned  that  cast-iron,  when  at  a  certain  degree 
of  heat,  may  be  cut  like  a  piece  of  wood,  with  a  common  uw. 
The  discovery  was  announced  in  a  letter  fix>m  M.  Duford,  direc-  i 
tor  of  the  iron-works  at  Montalaire,  to  M.D'Arcct,  and  published  i 
in  the  Annates  de  Chimie.  This  experiment  was  tried  at  Glas*  * 
gow,  on  Monday  sc*nnight,  with  complete  success,  by  a  gentle-  J 
man  of  the  philosophical  society  there,  who,  in  presence  of  tfao  1 
workmen  belonging  to  an  ironmonger,  cut  with  tlie  gi*eatest  easCi  ] 
a  bar  of  cast-iron,  previously  heated  to  a  cherry  red,  with  a  com* 
mon  carpenter's  saw,  in  the  course  of  less  than  two  minutes.  1^  ^ 
eaw  was  not  in  tlie  least  injured  by  the  operation. 


NOTICE  TO  CORRESPONDENTS. 

I  have  received  a  letter  signed  O.  E.  on  ^urpike  roads.  Tlie 
only  reason  why  it  is  not  published  in  the  present  number,  is,  be* 
cause  I  wish  to  say  something  on  the  subject  myself,  in  addition  to 
O.  E's  paper,  for  which  I  thank  him. 

An  accident  has  prevented  my  inserting  the  analysis  of  the 
limestones,  transmitted  to  me  by  Judge  Peters.  I  have  to  repeit 
the  experiments  in  consequence  of  tliis.  I  will  endeavour  to  insert 
them  in  the  next  number. 

A  correspondent  of  the  Emporium  enquires,  whether  and 
when  it  is  intended  to  give  papers  on  the  dying  of  cotton.  If  I 
continue  to  conduct  this  Emporium,  I  shall  endeavor  to  present 
the  hifonnation  I  have  collected,  in  a  way  as  little  desultory  u 
possible.  I  knov/  that  the  generality  of  readers,  love  to  see  a  pam- 
phlet that  treats  on  twenty  subjects  at  once ;  but  as  I  really  mean 
to  make  tliis,  if  I  can,  a  collection  worth  preserving,  I  i^ill  not 
!;o  on  in  tliat  way,  by  which  no  connected  information  can  be  given. 
To  make  a  medley  of  this  kind,  I  have  nothing  to  do  but  to  mark 
v.itli  my  pencil  the  essays  I  choose  to  pillage  from  British  com- 
pilations, and  give  tlie  books  to  the  printer.     I  v\ill  not  do  this. 

I  propose  to  draw  up  regular,  connected  essays  on  manufac- 
turing processes ;  composing,  compiling,  selecting,  abridging,  and  i 
ai'i'anging,  in  the  best  manner  I  am  able.  This  trouble  I  might  ^ 
''asily  save  myself  by  pursuing  tlie  common  method,   and  make 
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tie  book  in  all  probability  more  popular.    But  it  would  neither  be 
uefol  to  the  public^  nor  creditable  to  myself. 

Two  thirds,  or  thereabout,  of  every  number  shall  be  devoted  to 

mays  on  the  manufactures  connected  with  iron,  steel,  lead,  cop-* 

per,  tin,  silver,  gold,  and  the  other  metals  and  semi-metals.    I  will 

Ihca  proceed  to  the  subjects  of  bleaching,  dying,  and  printing ; 

Ibe  making  of  colours  and  of  drugs ;  to  brewing,  distilling,  and 

filkr  subjects  of  manufacture,  concerning  which  I  have  already 

■ade  my  collections.     From  one  half  to  one  third  of  each  number 

daU  be  devoted  to  miscellaneous  articles.  Like  other  labourers  in 

tite  wie  field,  I  shall  depredate  in  all  quarters,  and  borrow  where 

I  ca;  itill|  the  work  shall  bear  evident  marks  of  my  own  laboyf 

vpoa  it  T.  C. 


Alexander  &  Phillips,  Printers,  Carlisle. 
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19dily.  I  say  nothing  respecting  the  efl^  (if  any)  i»X)- 
Aioed  by  the  decomposition  of  the  carbonic  acid  gas  that 
K  fcrmed  by  the  carbon  of  the  coal,  uniting  to  the  oxygen 
ftf  Ae  ore,  and  of  the  moisture.  I  am  not  equal  to  the  in- 
^tttigation,  for  want  of  more  precise  knowledge  of  fact. 
Biustsay  the  same  as  to  the  eifect  produced  by  the  car- 

-  booie  acid  gas  driven  oflf  fix)m  the  limestone,  to  the 
snoount  of  44  per  cent,  in  weight.  I  do  not  know  that  this 
>s  9igm  decomposed.  I  am  fully  aware  of  M.  Clouet's 
^  Mr.  Mushet's  experiments,  and  I  know  too,  that 
cvbonic  acid  gas  contains  28  3-4  per  cent,  of  pure  car- 
^  cr  charcoal,  but  I  caimot  yet  apply  them  to  a  smelt- 
^  furnace.     I  shall  remark  upon  this  when  I  come  to 

:  ^subject  of  steel.  For  the  same  reason  Heave  untouch-* 
^  any  chemical  theory  as  to  the  combinations  that  may 
Informed  by  the  Potassium  of  the  charcoal  ashes,  or  by 
J*  Calcium  of  the  lime,  the  Aluminum  of  the  clay,  ot  the 
^ilicum  of  the  siliceous  earths.  I  subjoin  Mr,  Davy's  re- 
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Iron. 

f  tearks,  but  1  am  not  at  present  qualified  to  ap^^t 

I  practical  purposes. 

"  Iron  is  capable  of  combining  with  Potassium  and  Sodi- 
1 ;  these  alloys  are  more  fusible  and  whiter  than  inM^ 
and  effervesce  copiously  in  water.  There  is  great  rea^oa 
to  believe  that  alloys  may  be  formed  of  iron  and  the  metab 
of  the  earths.  Cast  iron,  which  is  produced  by  fusing 
iron  ores  with  pitcoal,  during  its  conversion  into  malleaUe 
iron,  affords  but  one  fourth  of  its  wd^t  of  a  g^ass,  vitiA 
nnisists  of  siUx,  alumine,  lime,  oxide  of  iron,  and  oxide 
'  of  manganebum.  In  the  process  for  reducing  cast  > 
into  malleable  iron,  called  iloorning,  tlie  iron,  after  bda^ 
fused  in  a  forge  by  a  (ire  of  ch;\rcoal,  is  hammered,  v^nl^ 
in  a  soft  state,  on  an  anvil,  by  a  large  hanmier  woifad  tf 
water ;  a  vivid  combustion,  which  seems  to  be 
with  the  formation  of  the  glass  and  the  oxides,  takes  jjaee 
on  the  surface  of  the  mass :  that  the  earths  are  fcxmed  fif 
the  oxidation  of  metais  combined  in  the  cast  ircm : 
DTobable  from  the  circumstance  of  the  combustion 

T  the  idea  is  confirmed  by  the  distinct  metallic  characta  of 

,  cast  iron ;  it  is  white,  crystallized,  and  has  all  the  appaP 
snce  of  a  perfect  alloy.  Specimens  of  cast  iron  \m^ 
contain  likewise  sulphur  and  carbon." 

20thly.  I  close  these  remarks  by  the  following  quoa- 
tion  from  Mushct — 5  Ph.  Mag.  366. 

.  On  tfie  relatwe  Proportions  of  Coals  and  Iron- Stones  awri 

I  •    at  the  Blast- Furnace,  and vf  their  proper  Applicatim  ft 

-    Use.    By  Mr.  David  Mushet,  of  the  Clyde  Jrah 

fFbrks.     Cornniunicated  by  the  Author. 

IN  the  smehing  operation  a  just  proportion  and 

elation  of  materials  and  meclianical  construction  oudlttt 

be  blended  in  order  to  produce  the  best  posable 

Under  the  former,  arc  comprelwndcd  the  cokes,  iron* 

"stone,  limestone,  and  blast ;  by  the  latter  is  understood 
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e  fanmobi  the  power  of  the  blowing-machine,  or  the 
compression  and  vclocii}-  under  which  die  air  is  dischai^- 
ed  into  the  furnace,  and  the  genius  or  mecliiuuc;il  skill  of 
the  workmen.  Accwding  to  this  di\'ision,  I  shall  endea- 
vour to  point  out  the  very  various  effects  %vhicb  dispro- 
portion in  any  case  produces,  and  vice  versa. 

In  the  preceding  papers,  the  coal  and  iron-stone  have 
been  traced  Uirough  their  various  stages  of  preparation, 
and  thut  stage  pointed  out  in  which  tiiey  were  most  suita- 
ble for  the  profitable  manufucture  of  Uie  metal.  It  will 
be  necessary  to  carry  along  widi  us  this  fact,  that  in  the  ' 
exact  proportion  wliich  the  quantity  of  carbon  bears  to 
the  quiintity  of  meLil  in  the  ok,  and  its  mixtures,  so  will 
be  the  fusibility,  and  of  course  the  value  of  the  pig-iron 
obuintd.  The  importance  of  iHs  truth  will  still  farther 
«■,  when  we  consider  the  very  various  qualitie&of  pit- 
l,  the  different  proportions  of  carbon  which  they  con-  ' 
I,  and  the  various  properties  attached  to  every  species 
ithis  useful  combubdble. 

I  Among  the  many  strata  of  coal  «'hich  I  ha\'e  dtstiHed, 
e  I  have  found  to  contain  70  parts  in  the  100.  This 
pproporuon  is  peculiar  to  the  clod-coal,  used  at  some 
t  the  iron-works  in  England,  and  justly  preferred,  for 
te  purpose  of  manufacture,  to  the  purest  and  Iiardest  va- 
tiety  of  splint-coal.  The  latter  I  have  found  to  average 
fenn  SO  to  59  parts  of  carbon  in  the  100 ;  and  the  soft,  or 
^ixed  qualities  of  coal,  from  45  to  53  piirts.  Such  vari- 
|B  pFOpCHtioiis  of  carbon  plainly  point  out  that  the  opera- 
is  to  be  followed  at  each  individual  iron-work  ought 
I  to  rest  upon  precedent,  unless  borrowed  from  those 
s  where  exactly  the  same  quality  of  coal  is  used. 
isanalysisalso,la}"sopenpart  of  the  source  from  whence 
Mtes  the  widely  diScrcnt  quantities  of  metal  produc- 
fpcr  week,  at  various  blast-furnaces,  and  the  great  dis,- 
s  of  ore  used  to  difioxnt  coals. 
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Experience  has  shewn  that  the  three  qualities  dfcoel 
just  mentioned,  will  smelt  and  give  carbcmation  to  the 
£>llowing  proportions  of  the  same  species  of  torrefied  iron- 
stone: — 

1 12  lb.  of  clod-coal  cokes  will  smelt       -        -         130  lb. 

1 13  lb.  of  spHnt-coal  cokes  will  smelt         -        •     105  lb. 
1 13  lb.  mixed  soft  and  hard  coal  cokes  will  smelt      84  lb. 

Let  the  iron-stcxie  be  supposed  in  the  blast-furnace  to 
]ridd40j^^rmf.  ]}ien we  find  that  the  1-S20th  of  atonof 
tihe  respective  qualities  of  cokes  will  smelt  and  carbonale 
Ae  fdilowing  proporticms  of  iron,  rnz. — 112  lb.  clod-cod 
cbkes,  1301b.  iron-stone,  at  410 per  cent.  ^  521b.  inn; 
112  lb.  of  splint-coal  cokes,  105  lb.  of  the  stone  ^  4Slh. 
of  iron;  and  1121b.  soft  and  hard  coal  cokes,  84fl>.  of  . 
the  iron-stone  =  33, 6  lb.  of  ircHi.  We  then  havefer  ds 
quantity  of  metsi  produced  by  one  ton  of  each  quafif 
of  cokes: 

Clod-cbal  if3  X  20  =  104Q  lb. 
Splint  (UttD  43  X  SO  =  840  lb. 
Mixed  ditto  33^  x  20  =     702  lb. 

This  fiimishes  a  datum,  whereby  we  easily  obtain  As 
quantity  of  the  various  cokes  necessaiy  to  produce  1  too 
of  carbonated  crude  iron  by  oxnmon  proportion :  for  if 
1040  lb.  of  metal  are  produced  by  1  ton,  2240  lb.  of  dod- 
coal  cokes,  the  quantity  of  .the  same  cokes  requi^te  fortbe 
{Mxxlucticm  of  1  ton,  or  22401b.  of  metal,  will  be : 

T.  c.Q.U. 

4824*6lb.=  2  3  0  8 
SpUnt  coal  cokes  840 :  2240 : :  2240 :  5973  •  3  lb.  =  2  13  19 
Mixed  ditto  702 :  2240::  2240: 7147 '5  lb.  =  3     3  37 

If  to  the  quantity  of  cokes  necessary  to  mamifiK^ture  1 
ton  of  crude  iron,  we  add  the  quantity  of  volatile  matter 
driven  off  in  the  process  of  charring,  which  may  be  dw 
estimated  upon  the  average  of  each  quality :— \ 
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Clod  coal    ^  or  37-}  fier  c.  produce  in  cokes  \    a  63l7kcrca 
Splint  coal  4  —  50        »  4  or  50 

Mixedcoall  — 62,5  ■  j  —37^ 

Then,  for  the  quantity  of  the  respective  coals  used  in 

leraw  state,  wehavethefoUowing  results  in  {utiportion : — 

71  c.  <?.  lb. 

Clod  coal  5  :  4824  -  6 : :  8  :  7719^  =  3  8  3  19 
Splint  coal  4:5973- 3:  :8:  11946  =5  6  2  18 
Mixed  coal  3:7147-  1  ::8:  19158^  ==  8  11  0  16 

These  great  (Uspropordoris  of  quantity,  used  to  fabri- 
caie  1  ton,  or  2240  avoirdupois  pounds  of  the  same  quali- 
t)r  of  crude  iron,  will  convey  a  striking  and  imfu'essive 
idea  of  the  multifarious  quaUdes  c^coal  which  may  be  ap- 
plied and  made  to  produce  the  same  effects.  It  should 
dbo  convince  the  manufacturer  that  the  study  and  analy- 
B  of  his  own  materials  is  the  first  and  radical  approach  ta 
Irue  knowledge,  and  certainty  of  operation.  Divest  him 
of  this  knowledge,  and  view  him  guided  by  the  customs 
vA  rules  prevalent  at  another  manufactory,  where  the 
coals  and  ores  may  be  as  diflbrent  as  has  been  already  men- 
tbned,  and  we  will  no  longer  wonder  at  the  uncertainty  of 
Us  results,  and  the  numberless  errors  of  his  direction. 

Before  I  enter  into  the  practical  discussion  of  the  ap- 
plication of  coal,  I  beg  leave  to  indulge  myself  in  the  fol- 
lowing  calculations  :•— We  have  already  seen  that  the  pro- 
duction of  2240  lb.  of  carbonated  crude  iron  requires 
^24  lb.  of  clod-coal  cokes ;  these  may  be  averaged  to  con- 
^  4*5  per  cent,  of  ashes,  which,  deducted  from  4824, 
p^  4607  lb.  of  carbon  used  for  1  ton  of  metal :  this  sum, 
divided  by  2240,  farther  gives,  for  1  lb.  of  cast  iron  thus 
B^ufactured,  2*056  lb.  of  carbon. 

We  next  find  that  2240  lb.  of  the  same  <netal  requires 
of  splint-coal  cokes  5973*3  lb.;  we  farther  find,  fix)ma  ta- 
^  oi  the  analysis  of  coal,  furnished  in  a  former  pa- 
l^,that  100  parts  of  the  raw  coal  contained  4*2  parts  of 
^shes.    As  it  is  there  stated  to  lose  50  per  cent,  in  char- 
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ring,  100  parts  of  cokes  will  cwitaiii  8*4  of  ashes; 
S-iper  cent,  deducted  from  5973-3,  gives  54721b.  of  car- 
bon. This  again,  reduced  by  2240  lb.  gives  for  each  &^ 
of  metal  manufactured,  2'442  lb. 

Again,  7147-1  lb.  of  cokes  produced  from  soft 
ed  coals  are  consumed  for  every  ton  of  2240  avoirdupw* 
pounds  of  crude  iron  produced  ;  evxry  100  parts  of  the 
same  coals  contain  3'3  parts  of  ashes  i  and  100  parts  of 
cokes  contain  nearly  6-5 percent,  ofashes,  which, deduc- 
ted from  7147"3,  gives  6672-6  of  carbon,  which  divided 
by  2240,  gives.for  ihequantity  used  for  lib.  of  cast  iron 
2-978  lb. 

From  these  calculations  it  appears,  tliat  22401b.  of  ca- 
bonated  iron,  requires  of  carbon  from  clod-coal  46071b.; 
of  carbon  from  splint-coal,  54721b. ;  and  of  carbon  from 
mixed  coal,  6672  lb. :  that  1  lb.  of  carbonated  iron  ifr 
quires  of  carbon  from  clod-coal  cokes  2,056  lb. ;  fian 
splint,  2,442  lb. ;  from  mixed,  2,983  lb. :  and  that  caito- 
nated  crude  iron  may  be  obtained  when  widely  difionit 
quantities  of  carbon  have  been  consumed. 

In  seeking  for  a  solution  of  the  latter  fact,  we  miut 
liave  recourse  to  the  diiferent  degrees  of  inflamniabihiy  rf 
the  carbon,  according  to  the  various  laws  of  continuity 
imposed  upon  it  in  its  fossil  construction.  It  can  caaly 
be  conceived,  that,  owing  to  this  structure,  and  the  ra- 
lure  of  the  interposed  ashes,  the  particles  of  carbon  of 
some  cokes  will  be  more  easily  o.vygenated  than  those  of 
others ;  in  the  same  way  that  we  find  splint-coal,  «tei 
exposed  to  ignition  in  contact  uith  open  air,  affords  l-3d 
of  more  cokes  than  are  obtained  from  soft  mixed  coals, 
tliough  die  latter,  when  distilled,  yields  more  pure  caifaGO 
than  die  former. 

By  experiment  it  is  proven,  that  100  grains  of  csrtMok 
acid  gas  is  composed  of  72  parts  of  oxygen  united  whh  38 
parts  of  carbon :  if  the  quantity  of  carbon  of  clod  coal) 


tXz,  2H)56  B>.  used  for  the  manufecturiog  of  ever^  pound 
of  cast  iron  is  reduced  to  grains,  we  vnH  find  it  to  consist 
€f  14392  grains ;  this,  divided  by  28,  gives  the  acidifiable 
principle  of  514  x  100  »  51400  grains  of  carbonic  add 
gas;*  hence,  as  1  cubic  foot  of  this  gas,  at  29*84  of  baro- 
metrical ju^essure,  and  54*5  (^temperature,  weighs  nearly 
761  grains,  we  find,  that  in  the  fonnadon  of  every  pound  of 

51400 

cast  iron    ^^,    «>  67*54  cubical  feet  of  carbonic  acid  eas 

761  ^ 

win  be  formed,  and  in  the  jHXxluction  of  1  ton  of  metal, 
die  astonishing  quantity  of  151289*6  cubic  feet  This 
quantity,  however  incredible  it  may  seem,  is  only  what 
would  be  formed  under  the  above  paressure,  and  at  th^ 
above  temperature :  when  v^  take  into  the  account  the 
high  temperature  at  which  the  decomposition  and  recom- 
bination are  e&cted,  with  the  consequent  increase  of  elas- 
6c  force  and  of  volume,  our  ideas  are  almost  unable  to 
commensurate  the  sum  of  the  gas  hourly  formed,  and 
dirown  off,  ignited  to  the  highest  degree  of  heat. 

It'the  same  mode  of  calculation  be  adopted  with  the  other 
qualities  of  coal,  we  shall  have  the  following  results : — 

For  the  splint  coal  2,442  lb.  or  i^  =  610,5  x  100 


*  This  18  supposing;,  for  the  moment,  that  the  whole  of  the  car* 
ban  M  ox^rgenated,  either  bjr  the  oxygen  contained  in  the  ore,  or 
obtained  from  the  discharging-pipe  by  the  decomposition  of  the 
atmospheric  air ;  this,  however,  is  not  strictly  true,  as  the  metal 
takes  up  a  small  portion,  by  weight,  of  the  carbon ;  and  when,  by 
acddent,  moisture  has  been  introduced  into  the  furnace,  either 
tfirough  the  me^um  of  the  blast,  or  of  the  materials,  its  decompo- 
dtkm  furnishes  a  portion  of  both  oxygen  and  hydrogen,  which 
may  dbsolve,  and  also  carry  off,  a  part  of  the  carbon.  Atmosphe* 
ric  air  being  found  to  hold  water  m  solution,  a  small  quantity  of  hy« 
drogen  will}  even  in  the  driest  weather,  be  present  in  the  blast-fur- 


=-  61050  grains  of  carbonic  acid,  which  gives  -t^ 

82,85  cub.  feet  for  I  lb.  and  82,85  X  2240=  185,584c) 

fcctforlton.  Forthemixed  coal  tw 2,983  ^^^  =7M 
'  28 

100  =  71000  grains  carbonic  acid ;  that  is, p  =  ft 

^cubical  feetfor  1  lb.  and  93,3  x  2240  =  208,992 cubi 

fcet  for  1  ton.     By  the  same  calculation  we  may  attaii 

pretty  accurate  notion  of  the  quantity  of  atmospheric  air  i 

cessar}'  to  produce  I  lb.  or  1  ton  of  cast  iron ;  an  average 

the  three  varieties  of  coal  will  be  sufficienUy  accurate  I 

.  .  ,  14392+  17094  +  20881  ,_.r,. 
this  purpose  ;  thus =  lf455T 

S,4935  lb.  of  carbon  are  consumed  upon  the  average 
each  pound  of  pig  iron  :  tliis  is  found  to  produce  of  a 

'tonic   acid    gas  '-^~2  =  62-341  x  100  =  62-300 

grains  ;  which  i^ain  divided  by  761,  the  grains  in  o 
cubic  foot,  gives  81'86  cubic  feet  for  the  gas  discbarg 
In  manufiictiiring  one  pound  of  cast  iron.  As  carba 
acid  contains,  as  has  already  been  noticed,  72  parts 
oxygen  in  iOO,  then  we  have  for  the  quantity  of  oxyg 
gas  100  :  72  :  :  62300'41 :  44856-29  grains  oxygen  g8 
and  as,  at  the  ordinary  temperature  and  pressure  of  the  i 
mosphere,  a  cubic  foot  of  oxygen  gas  weighs  591  gnui 
we  find  44856-29  divided  by  591  =  75*89  cubic  { 
of  oxygen  gas  necessary  to  form  the  acidifying  ptinci] 
of8l-86  cubic  feet  of  carbonic  acid  gas  ;  and  that  1 
samequantity  of  oxygen  gas  is  necessary  to  the  prodi 
tion  of  one  pound  of  carbonated  crude  iron.  This  1« 
us  to  the  fallowing  statement  for  the  quantity  of  atmospl 
rlc  air  used  during  the  same  operation ;  first  prcmJsi 
that  die  constituent  parts  of  atmospheric  air  are  nearly 
of  azote  and  27  of  oxygen  gas;  of  atmospheric  air  Ui 
necessary,  we  have  27  ;  100  : :  75-89 :  281  cubic  feet. 


4  shall  now  pitxreed  from  mere  calculation  to  matter  of 
bet,  and  attemptto  prove  the  correctness  of  the  former 
by  the  approximation  of  the  latter  to  its  results.  Let  a 
Uast-fiimace  be  supposed  to  produce  20i  tons  of  pig. 
iroD^^  week,  ^  45360  avoirdupob  pounds;  tlus,  di- 
fided  by  days,  hours,  minutes,  and  seconds,  g^ves  per 
dqr  6480  pounds,  per  hour  270,  per  minute  4i  lb.,  and 
per  second  525  grains. 

From  this  it  is  evident  that  1  lb.  of  cast  iron  is  produced 
in  IWv  seconds :  experience  has  shewn  that  a  blast-fiir. 
ttoe,  producing,  in  any  of  the  above  periods,  the  respec- 
tive quantity  of  metal,  requires  a  discharge  ofdirper  mi- 
feBle  nearly  equaP  to  1350  cubic  fcet ;  this,  divided  by 
4|Slb.  the  quantity  produced  per  minute  gives,  for  1  lb. 
iQQy  300  cul^c  feet.  The  quantity,  by  calculation,  we 
hft  seen  to  be  281  cubic  feet— diflb^ence  19 :  a  sum  no 
my  considerable  when  we  reflect  upon  the  inequality  of 
Ac  movements  of  a  blowing  machine,  and  when  it  is  re- 
coDected  that  some  allo\\'ance  ought  also  to  be  made  for 
ifat  ur  may  pass  tlirough  the  furnace  undecomposed,  or 
tay  be  lost  at  the  place  of  entrance. 
Fmm  this  coincidence  of  theory  with  practice,  we  can- 
'  M  hdp  admiring  the  rig(xx)us  principles  on  which  the 
1^ .  Uvoiserian  system  is  founded ;  nor  are  we  less  pleased 
to  find,  that,  small  as  the  operations  of  thechemist  may  be, 
fetdiey  are  a  just  epitome  of  what  takes  place  in  the  phi- 
kiophy  of  extensive  manufactcH'ies.  The  following  table 
^xlftits  thequantity  of  carbon  which  may  be  used  upon 
^  average^  with  the  relattx^e  quantitjr  of  carbonic  acid 
tinned,  and  air  used : 

In  the  manufiELctare  of  1  lb.  —  1  ton  of  iron, 

The  pure  carbon  requirite  i§  3*49  —      5585*44  lb. 

Ctrbonk  scid  formed        -  8 1*86  —  1 83366-40  cub.  feet 

Oxygen  gas  used            *  75*89  —  169993.60  cub.  feet 

Atmospheric  air  employed  281-00 —^  629440*00  cub.  feel 
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From  the  foregoing  particulars  upon  coal  may  bekani' 
ed  how  much  is  dq)endent  upon  the  native  constnictioD 
of  coal  and  its  constituent  parts ;  I  shall  next  advert  to 
the  efiects  produced  by  its  improper  preparation. 

When  coals  intended  for  the  blast  furnace  are  sufr 
eiently  charred,  they  ought,  in  point  of  colour,  to  be  of  i 
silver  grey ;  their  fracture  will  appear  lamellated  and  po^ 
rous  if  splint  coals  have  been  used ;  softer  coab  fim 
ibemsehres  into  branches  slightly  curved,  and,  when  pn^ 
perly  prepared,  are  always  very  porous.  I  have  fiequent 
ly  found  that  the  better  the  cokes  were  charred,  the  mm 
water  they  will  absorb.  Coals  half  burnt  do  not  take  19 
half  so  much  water,  because  their  fratfure  continues  ia 
part  to  be  smooth  and  less  porous  thatP  when  thorou^. 
burnt. 

When  half  prepared  cokes  are  introduced  into  the  fiv* 
nace>  die  metal  formerly  carbonated  will  lose  its  gr^  fitt*, 
ture,  and  approach  to  the  quality  of  oxygenated  inik' 
Their  presence  is  easily  detected  by  the  unusual  quaiiAj 
^  diick  vapouB:  arising  along  with  the  flame.  BeadOi 
the  water  and  sulphur,  which  raw  coals  introduce  mil 
the  furnace,  and  which  always  impair  the  quantity  of  car- 
bon by  the  various  solutions  efieeted  by  the  presence  of 
o  ygen,  hydrogen,  &c.  the  fitness  of  the  coal  for  com* 
bustion,  and  the  supp(»t  of  the  ore,  is  much  diminished  hf 
this  second  course  of  ignition  and  disengagement  of  bita^ 
men.  The  pressure  of  the  incumbent  ores  also,  fiactmc': 
and  leduce  the  cokes  into  small  pieces,  wlucfa  prodiiosa 
considerable  portion  of  coke-dust ;  this  is  partfy-  cairied 
to  the  top  of  the  furnace  before  the  blast ;  sometimes  be* 
low  it  spears  in  immense  quantities,  ignited  to  idutenesBi 
and  liquid  as  sand.  Coal  thus  detached  fix>m  the  massi 
exposed  tothe  acticm  of  a  comfu^essed  current  of  air^isimfit 
for  conveying  the  carbonic  principle  to  the  metal ;  and  as 
it  frequently  belongs  to  d^  just  proportion  of  charcoal 
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to  smelt  the  ores,  and  to'  carbonate  their  iron, 
its  loss  must  be  felt,  and  the  quality  of  iron  impaired. 

When  cokes  of  any  quality  are  exposed  to  a  moist  at- 
mospheric, so  as  to  -absorb  water,  their  efiects  in  the  blast* 
fiimaoe  become  much  reduced,  and  the  presence  of  the 
water  b  productive  of  the  most  hurtful  consequences  in 
tfaeproducticm  of  carbonated  crude  iron*  I  have  found, 
hy  repeated  experiment,  that  1  lb.  of  well  prepared  cokes 
win,  when  laid  in  water,  take  up  H  ounces  in  the  space  of 
half  an  *hour;  at  this  rate,  a  basdcet  of  -cokes  weighing 
80  lb.  saturated  with  water,  will  contain  140  ounces  of  wa- 
ter, or  8  3-4tfas  lb.  If  the  charge  contains  six  baskets, 
then  we  see  that  upwards  of  50  lb.  of  water  is  introduced 
rq;ularly  along  with  the  charge,  furnishing  an  additional 
quantity  of  oxygen  equal  to  42  1-2  lb.,  and  of  hydrogen 
equal  to  7  1-2  lb. :  it  fiequently  happens  that  d^  cokes 
oootain  a  larger  portion  of  water  than  is  here  stated. 
•When  cokes  thus  surcharged  are  introduced  in  quantity 
into  Ae  blast-furnace,  the  quality  of  the  metal  b  not  always 
instantaneously  changed,  and  frequently  the  colour  and 
Ibrm  of  the  cinder  remsun  long  without  any  great  altera- 
tion. The  contact  of  wetted  cokes  with  the  ore  is  first 
9ccn  by  the  great  xUschai^  of  pale-blue  gas,  ^vith  the 
whiter  flame  at  the  top  of  the  furnace ;  next,  the  accumu- 
lating oxyde  upon  the  surface  of  the  pig  when  consdida* 
In^  indicates  their  presence.  Iron  thus  oxygenated,  fiie« 
quently  exhibits  while  fluid,  that  agitation  and  delicate 
partingft  peculiar  to  carbonated  metal :  the  remelting  of 
tlus  iron  is  never  attended  with  advantage,  and  is  always 
uiqvofitaUe  to  the  founder. 

From  the  properties  assigned  to  pit-coal  in  diis  and  in 
fenner  papers,  the  following  facts  may  be  deduced  :— 
That  charcoal  is  the  basis  of  the  manuflicture  of  crude 
iron;  that  its  prqier  applicadon  produces  the  most  valua- 
ble qualities  <»f  pig-iron ;  diat,  by  diminishing  its  relative 
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proportion,  or  contaminating  its  quality  by  heterageneow 
mixtures,  the  value  and  fusibility  of  the  metal  is  lost ;  but 
tiiat,  by  a  proper  increase,  and  always  in  {uropordoD  to 
this  increase  will  the  fusibility  and  value  of  the  iron  be 
mended.    From  the  whole,  an  important  lesson  may  be 
learned  of  the  pernicious  effects  of  water  in  the.fimaoe, 
and  how  absolutely  necessary  it  is  to  prepare  the  ookes 
widiout  using  water,^  either  to  damp  the  fires,  as  in  Ac 
usual  mode,  or  to  cool  the  cinders  obtained  fix)m  the  Iv 
kifais,  to  prevent  their  consuming  in  the  open  air :  in  al 
this  hurtful  (q>eration,  considerable  quantities  of  water  k> 
come  fixed  in  the  cokes,  which  require  a  very  great dcgne 
of  heat  to  expel* 


l%e  preparation  of  iron-stone  has  already  been  fid^ 
attended  to,  and  the  phenomena  which  it  exhibits  under 
every  stage  minutely  described.     In  consequence  cf  va- 
rious experiments  we  are  authorised  to  draw  the  fblbv* 
ing  conclusions :    That  when  pure  calcareous  iron-stoae 
is  used,  it  admits  of  having  the  local  quantity  of  ocdoci 
diminished ;    that  argillaceous  requires  a  larger  poitiai 
than  the  calcareous  genus ;  and  that  siliceous  iron-stone 
requires  a  greater  proportion  of  fuel  than  any  variety  of 
the  former  genera.     We  have  also  seen  that  fusibOi^, 
either  connected  with  strength  or  otherwise,  is  derived 
fitim  the  mixture  of  the  ores ;  and  that  excessive  brittle 
ness,  intimately  connected  with  infusibili^,  is  also  derived 
fiom  the  same  source.     From  a  review  of  these  facts,  ve 
are  forcibly  impressed  witli  tlie  importance  of  comUniDg 
the  prepared  iron-stones  with  propordons  of  fud  suit- 
ed to  their  various  natures,  m  order  to  ptxluce  all  die  va* 
rieties  of  crude  iron  with  die  greatest  possible  occonomy. 
Contemplating  fiurdier  the  same  subject,  it  is  easy  to  Ibc 
oonceivedthat  a  want  of  knowledge  of  the  component  |Mrti 
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<f  ]ron*stoneSy  andthee&cts  wMch  individually  they 
produce,  must  lead  to  great  uncertainty  of  operation  in  the 
wnehing  process,  wlierein  the  beautiful  (economy  of  na^ 
tiire»  and  even  real  property,  will  be  often  unprofitably  sa^ 
crifioed  to  precedent. 

Besides  the  above  causes  of  alteration,  dependent  upon 
mixtures  of  the  earths,  the  existence  of  oxygen  in  various 
quintiiies  in  the  ores  ought  never  to  be  overlooked  in  pro* 
portioning  the  cokes  to  the  iron-stone.  This  powerful 
agent  whose  form  and  substance  constandy  eludes  our 
vision ;  whose  existence  is  only  ascertained  by  the  won- 
derful changes  produced  by  its  various  combinations  with 
Ae  iron ;  and  whose  presence  in  the  same  iron-stone,  in 
various  quantities,  may  produce  such  variety  of  result  as 
to  characterise  the  ores,  as  containing  good  or  had  iron, 
aoidy  forms  the  most  interesting  mixture  which  ores  or 
iran-stoiies  possess.  It  will  be  a  momentous  epoch  in 
Ae  manufisKrture  of  iron  when  the  existence  of  such  a  prin- 
cq)fe  shall  be  fully  admitted  by  the  manufacturer,  and  its 
agency,  from  certain  visible  cfiects  produced,  adqpted  to 
cxpUni  its  accompanying  phenomena.  Till  that  period 
he  will  not  perceive  the  utility  of  ascertaining  the  quantity 
of  oxygen,  and  devising  (economical  methods  of  taking  it 
fiom  the  ore.  An  attention  to  this  powerful  principle  can 
alooe  root  out  those  prejudices  so  inimical  to  the  real  inter- 
tats  of  the  manufacturer,  and  which  seem  to  glance  at  Na- 
ture, as  having  improvidently  combined  her  most  useful 
metal  with  mixtures  which  could  resist  the  ingenuity  of 
man,  or  set  his  comprehensive  intellect  at  defiance.  In  die 
progress  of  tiiis  great  inquii^',  b  it  not  possible  that  the 
present  expensive  exertions  may  in  part  be  superseded  ? 
Is  it  not  possible,  that,  by  laying  open  the  sources  of  mfor- 
mation  to  individuals  at  large,  a  greater  mass  of  intellect 
engage  in  die  practice  of  this  art  ?  While  the  present 
and  Ic^ty  buildings  are  necessary,  the  business  b 
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entirely  conrmed  in  the  hands  of  men  of  grent  capil 
cxtait  of  their  manufactures  require  that  a  large  tract  of 
country  be  devoted  to  their  supply ;  a  natural  consequence 
IS,  tliat  innumerable  small  tracts  of  land  are  overlooked 
or  held  umvortliy  of  notice,  merely  because  they  cannot,]i 
a  period  necessary  to  clear  a  great  capital  and  insure  a  Ibc. 
tunc,  afibrd  the  necessary  supply  of  materials.  Such  situ* 
ations,  according  to  the  present  state  of  the  iron  busbeas^ 
must  remain  unexplored.  Should,  however,  a  de»refir 
truth  once  gain  footing  in  the  manufacttvics  of  iron,  and 
diould  this  natural  impulse  of  the  unprejudiced  mind  betf 
pace  with  other  branches  of  intellectual  information,  w 
may  not  despair  of  seeing  many  imperfections  removed, 
which  were  the  imavoidable  consequence  of  the  period  of 
their  creatbn- 

In  the  application  of  iron-stone  in  the  blast-furnace,  Ac 
following  particulars  ought  rigorously  to  be  attended  to : 

1.  Their  mixtures,  whether  clay,  lime,  or  silex  :  te 
rdative  proportifflis  to  each  other,  judging  accca-ding  to 
tlir  rules  formerly  laid  down  ;  which  of  them  may  aditMl 
of  a  diminution  of  fuel ;  which  of  them  will  afford  the 
quality  of  iron  at  the  time  requisite ;  and  which  of  them 
viill  be  most  likely,  by  a  judicious  airangement,  to  give 
the  greatest  produce  of  metal,  united  with  value  and  eeCO- 
nomy.  Iron-stones,  united  with  large  portions  of  silex, 
have  already  been  stated  to  require  a  greater  proportioa 
of  fuel  to  carbonate  their  metal  than  the  other  genen 
When  ballast  or  forge-pigs  are  wanted,  it  stands  to  ressn 
that  siliceous  iron-stones  ought  to  be  used  ;  not  that  ^bef 
contain  a  greater  (juantity  of  iron,  but  because  they  fim 
a  substitute  for  the  odier  kinds,  which  may  be  more  ti* 
vantagcously  smelted  for  the  production  of  more  TatoaUt 
qualities. 

2.  The  quantit)'  of  metal  which  each  individual  iron- 
stone may  contain,  is  anotlter  object  of  ccmsidenttion. 


Mxnes.  It  has  ben  frequently  nolioed,  that  crude 
wntainfd  purecartxn  in  proportioii  ta  its  fiiaibilitjr ; 
itemorefunUe,  or  supercarbonatedqualitiesi  must 
Dpi  oompanrtivefyy  a  considerable  portion  of  the  car- 
oeous  prindple  from  die  fiiel.  From  tins  results  a 
lag  consequence,  that  the  quantity  of  fud  should, 
and  above  its  relation  to  the  mixtures,  bear  a  juit 
ortion  to  the  quantity  of  iron  in  tbe  stone :  £ar  ex« 
le,  let  the  wof^per  charge  of  fiid  itt  a  Uast-fumaoe 
X)lb.,  and  let  thb  be  supposed  sufficiently  tofijse 
aobonate  die  iron  oontamrd  in  3601b.  of  iron-stone; 
Ik  quantiQr  of  metal  be  supposed  35  fier  cent,  then 
rad^ce  wdl  be  lSi6  lb.  Should  a  change  take  place, 
■QdFStcne  richur  iniroo  be  iq^pUed^  tfaoi^  die  same 
Koig^  and  should  dus  iron-stane  yidd  of  torrefied 
s  45  per  cent,  its  produce  vnll  be  162  lb.  or  40  lb. 
tdian  die  fiormer.  As  there  exists  no  greater  proper- 
of  carbon  in  the  furnace,  it  is  evident  that  the  existing 
illy,  being  distributed  over  neaiiy  l-3d  of  mare  metal, 
nhereibte  be  in  nuxe  qiering  quantiQr  in  die^holey 
the  vahie  of  the  metal  consequendy  recced. 
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fects  entailed  are  in  the  ratio  of  its  combination  xnih  thft 
iron.     From  a  review  of  the  fects  adduced  on  thb  mifaject 
in  various  parts  of  my  papers,  its  agency  and  effects  will 
easily  be  credited  by  men  oi  science;  its  property  of 
constituting  the  acidifying  base  of  all  the  acids  readily  cz- 
plsuns  the  unalienable  consequence  of  its  presence  with 
acidifiable  bases.    The  effects  are  still  more  pemiciout 
when  the  oxygen  is  furnished  by  the  decompontioD  of 
water  in  raw  iron-st(Hie ;  the  hydrogen  in  this  case  set  fiec^ 
also  seizes  a  portion  of  the  carixm ;  and  these  abstnactiaoBi 
united  to  that  produced  by  thft  native  porti(m  of  oxy* 
gen  in  the  stone,  form  an  a^regate  which  frequently  re* 
duces  the  value  of  iron  40  per  cent.    So  long  as  the  prin- 
cinciples  of  science  are  overlooked  in  the  manipulotioiis  of 
the  foundry  and  forge,  the  existence  of  such  agents  w3l 
be  treated  as  chimeras  of  the  philosopher  and  chemist, 
and  the  eflfects  hourly  produced  by  them,  industriously'  at 
tributed  to  causes,  which  in  point  of  unity  or  consistency, 
will  not  bear  the  slightest  touch  of  investigation. 

Of  the  Iron  produced  from  the  blastfurnace,  *  I  have 
already  touched  upon  this  in  the  precedbg  paragraphsi 
but  the  subject  is  worth  pursuing. 

*^  The  great  object  of  the  manufacturer  is,  with  a  given 
quantity  of  fuel  to  obtain  as  large  an  amount  as  pos^Uc 
of  highly  carburetted  cast  iron,  as  this  is  the  kind  which 
bears  the  highest  price  in  the  market :  but  iis  from  varioiis 
x:auses  the  iron  is  generally  fornid  to  be  more  or  less  de* 
carburetted,  it  becomes  a  matter  of  ccmsiderablc  unpor- 
tance  to  ascertain  by  external  characters  the  prindpd 
changes  induced  by  a  progressive  diminution  of  carbon,  in 
order  that  the  value  of  any  particular  sample  may  be  cor^ 
reedy  and  expeditbusly  ascertained.  By  long  and  caic* 
All  observation,  it  has  been  found  sufficient  for  all  practicd 
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purpooes  to  aznui^  the  several  kinds  of  cast  iron  under 
one  or  other  of  the  four  following  subspecies. 

1.  Smooth  faced  Irony  or  No.  1.  of  the  manufacturers. 
This  seems  to  be  composed  of  iron  supersaturated  with 
carbon,  and  mixed  with  a  comparatively  small  proportioa 
of  oxyd  and  earthy  impurities.  Its  upper  surface  b 
smooth  and  convex,  entirely  free  from  oxyd,  and  often 
covered  with  a  thin  crust  of  plumbago :  it  i»-esents  a 
coarse  granular  fracture  with  a  brilliant  metallic  lustre 
and  a  dark  blue  colour. 

52.  Good  melting  pig  Irorij  or  Ab.  2.  of  the  manufac- 
turers. This  differs  from  the  preceding  in  containing  pro- 
bably a  smaller  portion  of  carbon  and  a  lai^er  admixture 
of  oxyd  of  iron.  Its  upper  surface  is  sligfady  convex  and 
fill!  of  small  cavities :  its  fracture  is  coarse  granular  to- 
wards the  centre  of  the  pig,  but  the  concreticHis  manifestly 
diminish  m  size  as  they  arc  situated  nearer  the  sur&ce ; 
its  colour  is  dark  grey  inclining  to  blue.      ^ 

S.  GreyJrony  or  Ab.  3.  of  the  manufacturers.  In  diis 
die  amount  of  carbon  is  still  further  diminished.  Its  upper 
sm&ce  is  level,  sometimes  slightiy  concave,  and  presents 
more  and  larger  cavities  than  the  preceding,  it  is  slightiy 
OKydated  superficially  ;  its  fracture  is  fine  granular,  and 
its  colour  is  light  grey. 

4.  White  IroHy  farge  pigSy  ballast  Iron,  In  this  the 
quantity  of  combined  carbon  is  smaller  and  the  admixed 
oxyd  larger  than  in  any  of  the  preceding.  Its  upper  sur- 
fiKie  is  concave,  rough*  and  covered  with  a  plate  of  oxyd ; 
its  fracture  is  compact  sometimes  tending  to  striated,  its 
colour  is  tin-white,  occasionally  mottied  with  grey. 

We  shall  now  proceed  to  state  in  a  general  way,  the 
circumstances  in  the  smelting  which  principally  influence 
the  quality  of  the  produce.  Much  depends  on  the  fuel : 
if  the  cokes  arc  not '  perfectiy  made  but  retain*  a  part  of 
their  bitumen,  the  whole  Aiass  csikes  together  in  the  upper 
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J>art  of  the  furnace,  and  instead  of  descending  regularly  to 
the  focus  of  heat,  fells  do%vn  by  pieces,  and  at  irregular  m* 
fer\'als,  so  that  part  of  the  metal  is  detained  too  Idbg  be- 
fore the  blast,  and  in  consequence  is  decarbonized  and 
.  ctydated,  while  other  portions  pass  so  rapidly  through  die 
furnace  as  never  to  be  thoroughly  reduced,  hence  tin? 
amount  of  the  produce  is  diminished  and  its  quality  great- 
ly  deteriorated.  Nor  b  it  of  less  importance  that  the  ooke 
should  be  pcrK^ctly  dry  when  put  into  the  furnace,  other- 
wise the  water  which  it  contains  will  be  decomposed,  tt0 
hydrogen  and  part  of  tlie  oxygen  will  dissolve  their  re- 
spective portions  of  carlxni,  and  escape  in  a  gaseous  statt^ 
while  the  remainder  of  the  oxygen  will  combine  with  Ae 
iron;  which  will  thus  be  injured,  not  merely  by  the  pri- 
vation of  carbon,  but  tlie  positive  addition  of  oxygen.  It 
is  further  requisite  that  the  proportion  of  fuel  be  adapted 
to  the  richness  of  tlie  ore,  so  that  there  may  be  suffident 
botli  to  keep  up  the  necessary  degree  of  heat  as  well  as  to 
carbonize  the  metal :  hence  as  tlie  charges  of  oit  and  fuel 
areal^Tiys  proportioned  by  measiu^,  if  an  (»^  sonVelidktt 
richer  tlian  usual  happens  accidentally  to  be  empkijrcd 
without  a  correspoikUng  addition  of  fuel,  the  prodUMv 
though  somewhat  increased  in  quantity,  will  be  more  than 
cquivakntly  reduced  in  qualit}\  Another  circumatflDoe 
that  the  manufacturer  must  carefully  attend  to,  is  the  pro- 
per choice  of  ore  with  regard  to  fusibility,  for  as  it  b  not 
bnly  requisite  that  tlie  iron  should  be  melted,  but  aha 
liighly  carbonized,  and  as  coke  gives  off  its  carbon  widi 
tnuch  more  difBcuhy  dian  charcoal  does,  it  is  manifest  ttet 
a  veiy  ftisibte  ore  would  mdt  lor^  before  it  anived  at  ite 
fccus  of  the  furnace,  and  passing  rapidly  through,  would 
reach  the  hearth  without  having  had  time  to  imbibe  dit 
proper  quantity  o:' carbon.  Hence  it  is  that  the  ridi  hieinf^ 
tites,  ahhougfa  they  afibrd  an  excellent  quality  of  iroft 
trtien  smelted  with  clidKK)al,  produce  nothing  but  wlafl 
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iron  when  treated  in  the  coke  furnace ;  wliiie  on  ihe  other 
hand  9fgiUaceous^p)n-stone  being  much  more  rcfracton") 
does  iKit  melt  till  it  comes  into  the  verj'  hottest  part  of  the 
funiace,  and  therefore  has  had  full  time  to  absorb  the  desi- 
nble  quanti^  of  carbon.  Another  thing  to  be  attended 
to  is  the  proper  regulation  (^Adie  blost^  and  this  depends 
upon  its  dryness,  its  temperature,  its  compression,  and  its 
diiccdon.  The  dryness  and  temperature  appear  to  be 
principally  governed  by  the  season  of  tlie  year,  and  there* 
fixe  are  but  litde  capable  of  being  modified  by  the  manu.* 
jEKturer.  It  is  plain  that  the  dryer  and  colder  the  air  is, 
.the  greater  will  be  its  effect  on  the  combustion,  and  it  is 
Jbund  by  constant  experience,  that  the  produce  of  iron 
dming  the  summer  months  is  greatly  inferior  in  quantit}\ 
and  materiaUy  so  in  quality  to  that  whiclfis  manufactured 
in  the  winter :  a  clear,  dry  and  severe  frost  is  the  most  £ir 
varaUe  period  in  every  respect  for  the  working  of  the  fur- 
.naoe,  and  a  change  to  snow  or  rain  is  infallibly  followed  by 
a  cocreaponding  deterioration.  Tlie  lughcr  the  tempera- 
ture of  the  blast  is  when  it  is  delivered  into  the  furnace, 
Ae  smaller  (the  degree  of  compression  and  oUkt  circum- 
fff^p^yy  being  equal)  Avill  be  the  quantity  of  oxygen  con-* 
tuned  in  every  cubic  foot,  and  of  course  the  vigour  of  the 
combustion.  Nor  is  the  force  of  the  blast  and  its  direction 
a  subject  of  less  importance ;  it  is  obvious  that  m  proper* 
tion  as  die  charge  descends^  tl^  carbonaceous  matter  is  con- 
tiouaUy  diminisliing,  hence  the  prq^er  situation  for  the 
ftcus  of  the  blast  is  that  part  of  the  furnace,  \Wiere,  when 
Ae  ore  shall  have  arrived,  it  will  be  fully  carbonized  and 
aunrounded  with  a  sufficient  quantity  of  fuel  to  excite  aa 
intense  heat,  and  absorb  nearly  the  whole  of  the  oxygen  of 
the  air,  and  thus  prevent  it  fh>m  either  oxydating  the  iron, 
xr  carryii^  c^tfae  carbcH  with  which  it  m^y  be  combin- 
ed. This  precise  situation,  in  a  furnace  properly  con* 
structed,  will  be  found  to  be  just  witlun  the  expannon  of 
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the  boshes ;  but  as  this  is  more  thaii  four  feet  above  the 
tuyere  hole,  the  blast  must  be  delivered#i^ith  great  velod- 
ly,  and  in  a  direction  somewhat  slanting  upwards,  in  order 
diat  it  may  be  reflected  by  the  opposite  wall  of  the  cruci' 
ble,  and  arrive  at  its  proper  place  without  undergoing  any 
material  decomposition,  ^hen  the  blast  enters  too  rs^nd- 
ly,  and  in  too  concentrated  a  state,  it  renders  the  line  of  its 
passage  before  it  is  reflected  so  cool,  that  the  descending 
slag  which  comes  witlun  its  influence  is  suddenly  solidip 
fied,  and  blown  into  a  tube  reaching  perhaps  half  way 
across  the  crucible  through  which  the  blast  continues  to 
rush,  and  in  consequence  of  this  protection,  is  conveyed 
with  greater  precision,  and  in  a  less  decomposed  state  into 
tiiie  upper  part  of  the  furnace.  If  after  this,-the  compreB- 
sion  of  the  dr  is  somewhat  diminished,  the  tube  still  re- 
mains firai,  often  for  days  together,  and  the  furnace  woifa 
in  the  best  manner.  But  on  the  other  hand,  when  too 
loose  and  soft  a  blast  is  admitted,  and  more  especially  if 
it  be  charged  with  moisture,  it  b  unable  to  reach  the  top  of 
the  crucible  without  being  decomposed,. and  the  reflecticn 
which  it  undergoes  fix)m  the  wall  of  the  cru(;ible,  weakens 
and  disperses  it  to  such  d^ree,  that  the  combustion  which 
ought  to  talce  place  within  the  boshes,  now  occupies  tie 
whole  upper  part  of  the  crucible  :  in  consequence  of  tlu8| 
the  tube  of  scorias  is  presentiy  burnt  away,  die  iron  afanost 
as  fast  as  it  b  melted  is  ignited  and  oxydized,  the  tuyere 
hole  glows  like  the  sun,  vfjAi  an  intensely  vivid  idiiie 

light ;  the  scoriaB  fixftn  being  yellowish  white,  streaked  widi 
blue,  become^  green,  brown,  and  finally  black,  nearly  die 
whole  of  the  iron  in  the  state  of  oxyd  being  taken  up  hy 
it ;  the  blocks  of  refractwy  gritstone  with  which  the  lower 
part  of  the  furnace  is  lined  are  wwn  into  great  hdes,  and 
in  the  space  of  a  few  hours  proAigious  damage  b  sustain- 
"ed. 
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The  fi^tmmg  JitTtker  remarks  on  this  head  are  by  Mr. 
MushctS  Phil.  Mag.  128. 
When  fine  (No.  1.)  or  supercarbonated  crude  iron  is 
run  from  the  furnace,  the  stream  of  metal,  as  it  issues 
from  tlie  fauld,  throws  off  arf  infinite  number  of  brilliant 
sparklfs  of  carbon.     The  surface  is  covered  with  a  fluid 
pdlicle  of  carburet  of  iron,  whicli,  as  it  flows,  rears  itse^ 
up  in  the  most  delicate  folds ;  at  first  the  fluid  metal  ap- 
pears like  a  dense,  ponderous  stream,  but,  as  the  collateral 
moulds  become  filled,  it  exhibits  a  general  rapid  motion 
finom  the  surface  of  the  pigs  to  the  centre  of  many  points ; 
millions  of  the  finest  undulations  move  upon  each  mould, 
displaying  the  greatest  nicety  and  rapiditj' of  movement, 
conjoined  with  an  uncommonly  beautiful  variegation  of 
colour,  which  language  is  inadequate  justiy  to  describe. 
Such  metal,  in  quantity,  will  remain  fluid  for  twenty  mi- 
nutes after  it  is  run  from  the  furnace,  and  when  cold  wiU 
have  its  surface  covered  witli  the  beautiful  carburet  of 
ron,  ah^ad)'  mentioned,  of  an  uncommonly  rich  and  bril- 
;,iiU  appearance.     When  the  surface  of  tlic  metal  is  not 
jrburetted,  it  is smootli like  forged  iron,  and  alwajs con- 
vex.    In  this  state,  iron  is  loo  rich  for  melting  without  the 
liiklition  of  coarse  metal,  and  is  unfit  to  be  used  in  a  cupo- 
h  foniace  i(x  making  fine  castings,  where  thinness  and  a 
good  skin  are  requisite. 

No.  4,  or  oxygenated  crude  iron,  when  issuing  fi-om 
4e  blast-fumace,  throws  off  from  all  parts  of  the  fluid 
wifiwe  a  vast  number  of  metallic  sparks :  they  arise 
fem  a  different  cause  than  that  exerted  in  the  former  in- 
itece.  The  extreme  privation  of  carbon  renders  the  me- 
W  Bubject  to  the  combination  of  oxygen  so  soon  as  it 
Ltomes  into  contact  with  atmospheric  air.  This  truth  is 
mlly  manifested  by  the  ejection  of  small  spherules  of 
f  fea  £rwn  all  parts  of  the  surface  :  tlie  deflagration  does 
-Hot,  however,  take  place  till  tlie  globule  has  beai  tlirown 
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twoorthFeefeetupuitheair;  itthen kiflanes  and  sqp«-* 
rates,  with  a  slight  hissii^g  explosion^  into  a  great  many 
jniniite  parudes  of  brilUant  fire.  When  diese  are  coUect- 
cd  they  prove  to  be  a  mie  oxyd  of  ircm,  but  6o  much  aa- 
iliirated  with  oxygen  as  to  possess  no  magnetic  obedioioe. 
The  sur&oe  6£  oxygenated  iron,  when  running,  b  covered 
with  waving  flakes  of  an  obscure  smoky  flame,  accon^ 
jued  with  a  hissing  noise ;  forming  a  wonderful  coolnHt 
with  the  line  rich  covering  of  plumbago  in  the  other  atadc 
of  the  metal,  occasionally  parting  and  exhibiting  Ae  inn  . 
in  a  stateofthe  greatest  apparent  puriQr,  agitated  in  mnn-  \ 
berless  minute  fibres,  fircnn  the  abundance  of  the  caitep 
united  mth  the  metal. 

When  iron  thus  hi^y  oxygenated  comes  to  rest,  smiill 
specksofoxyd  begin  to  q)pear  floating  upon tiiesuiftoe: 
these  increase  in  size ;  and  when  the  metal  has  beoooe 
9olid,  the  upper  siuiace  is  found  entirely  covered  wtfui 
scale  of  blue  0x3rd  of  various  thicknesses,  dependent  19- 
on  the  stage  of  oxygenation  or  extreme  privation  of  cff* 
bon.  This  oxyd,  in  common,  contains  about  15  fff 
cent,  of  oxygen,  and  is  very  obedient  to  the  magneL  Id 
place  of  a  dark  blue  smooth  sur&ce,  convex  and  uAkj 
carbonated,  the  metal  will  exhibit  a  deep  roug^  ooncM 
&ce,  wliich,  when  the  oxyd  is  removed,  presents  a  ptA 
number  of  deep  pits.  This  iron  infusion  stands  less  coo- 
vex  than  carbcHiated  ircHi,  merely  because  it  is  lessaus- 
ceptible  of  a  state  of  extreme  division ;  and  indeed  it 
seemsa  principle  in  all  metallic  fluids,  that  they  are  con- 
vex in  pnqpordon  to  the  quantity  of  carbon  v^th  Y#(Jk 
they  are  saturated.  This  iron  flows  dead  and  pondfflOW 
and  rardy  parts  in  shades,  but  at  the  distance  of  some  indb- 
€sfit>m  each  other. 

.  IThis  is  a  dig^t  sketch  of  the  appearance  of  the  famacj' 
treme  qualitiesof  crude,  or  pig-dron,  when  in  a  afcate  cffr- 
aioQ.   .AccQidbgtotheitivisionfbimeriymade^th^ 
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fem»bs  two  mtermediatie  stages  of  q^^  be  describ* 
cd :  these  are,  carbonated  and  carbo-oxygenated  iron ; 
AatiSyNa  2  and  3  of  the  manufacturers.  Carbonated 
iron  ezIubitSi  like  No.  1,  a  beautiful  appearanoe  in  the 
nmnerand  pig.  The  breakings  of  the  fluid,  in  general^ 
welessfine;  die  agitation  less  delicate ;  though  the  divi^ 
■ODoftbefluid  is  equal,  if  not  beyond  that  of  the  other. 
When  the  internal  ebullitioQ  of  the  metal  is  greatest,  the 
undulating  shades  are  smaUestand  most  numerous:  some« 
dmcs  they  assume  flieshqx  of  small  segments;  some-» 

>^.  times  fibrated  groups;  and  at odier times  minute  circles, 
ef  a  mellower  cdour  than  the  ground  of  the  fluid.  The 
surfiice  of  dus  nietal,  exposed  to  external  air,  when  cool* 

,  ing  is  generally  slightly  convex,  and  full  of  punctures : 
Aeae,  in  iron  of  a  weak  and  fu^le  nature,  are  commonly 
small  in  the  diameter,  and  of  no  great  depth.  In  strong 
metal,  the  punctures  are  much  wider  and  deq)er.  This 
criterion,  however,  is  not  infallible,  when  pig-iron  of  dif- 
ierent  works  is  taken  odlectivdy.  At  each  mdividud 
work,  however,  that  inxi  will  be  strongest  whose  honey- 
combs are  largest  and  deepest 

Carbo-oxygenated,  or  No.  3,  pig  iron,  runs  smoothly, 
without  any  great  d^ree  of  ebullition  or  disengagement 
of  metallic  sparks.  Tlie  partings  upon  its  sur&ce  are  long- 
er, and  at  greater  distances  firom  each  other  than  in  the 
ibrmer  varieties ;  the  shqie  they  assume  is  either  eliptical^ 
circular,  or  curved.  In.cooling,  this  metal  acquires  a  coa- 
uderaUe  portion  of  oxyd ;  the  surface  is  neither  maikcd- 
]y  convex  nor  concave ;  the  punctures  are  less,  and  fbe 
quently  vanish  akogediei*.  Their  absence,  however,  is  no 
token  of  a  smooth  face  succeeding ;  in  qualities  of  crude 
iron  otygenated  beyond  this,  I  have  already  mentioned 
that  a  conca'i'e  surface  is  the  consequence  of  the  extreme 
d>9ence  of  carbon ;  and  that,  in  proportion  as  thisprinri- 


308 


Iron. 


I 


pie  is  absent,  the  surface  of  the  iron  luxjuires  rou| 
and  aspcrit}-. 

It  may  perhaps  be  proper  here  to  mention,  once  foe  ill, 
that  although,  for  convenience,  the  manuliicturer  has,  from 
a  just  estimation  of  the  value  of  the  metal  in  a  subsequatf 
manufacture,  affixed  certain  numbers  ftw  detcrminatequ»- 
Uties  of  iron,  yet  it  is  difficuh  to  say  at  what  degree  of  sa- 
turation of  carbon  each  respective  term  commences :  suf- 
fice it  then  to  say,  that  the  two  alterative  principles,  oxy- 
gen and  carbon,  form  two  distinct  classes,  that  in  which 
oxygen  predominates — and  that  in  which  carbon  predomi- 
nates ;  the  latter  comprehends  No.  1  and  2  of  the  manu- 
facturers, the  former  includes  oxygenated,  white  andmot' 
tied ;  and  the  equalization  of  these  mixtures  form,  as  has 
already  been  noticed,  the  variety  of  carbo-oxygenaied 
crude  iron. 

I  sliall  now  observe  some  things  relative  to  the  Various 
faces  which  crude  iron  assumes.  No.  1  and  2,  \vith  thdr 
intermediate  qualities,  possess  surfaces  more  or  less  con- 
vex, and  frequently  with  thin  blisters:  this  we  attribute 
to  the  presence  of  carbon,  which  being  plentifully  intu- 
spersed  betwixt  and  throughout  the  particles  of  the  metal, 
the  tendency  which  the  iron  has  to  slirink  in  coolii^  is  tn- 
tirely  done  away  ;  it  tends  to  distend  the  aggregate  of  de 
mass,  and  to  give  a  round  face,  by  gradually  elcTatii^llK 
central  parts  of  the  surface,  which  are  always  last  to  te 
their  fluiditj-. 

Again,  tiiat  quality  of  iron  known  by  the  name  of  No.S, 
or  carlio-oxygenated,  or  with  about  half  its  full  dose  of 
carbon,  is  most  commonly  found  widi  a  fiat  surface.  D 
we  still  farther  trace  the  appearance  of  die  surfoce  cf  pig 
iron,  when  run  from  the  furnace,  wc  shall  find  No.  4  other 
with  a  white  or  mottled  fracture,  possessed  of  concave  fe- 
ces, rough  and  deeply  pitted.  Beyond  this  it  may  be  imi. 
gined  that  evcrj-  degree  of  furdier  oxygenation  would  be 
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productive  of  a  surface  deeper  in  die  curve,  and  roughei^ 
widi  addidonal  asperities.  The  contrctiy  is  the  case: 
when  crude  iron  is  so  &r  debased  as  to  be  run  fixim 
the  fiimace  in  clotted  lumps  highly  ox3rgenated,  the  siir- 
&oe  ai  die  pigs  is  found  to  be  more  convex  than  that  of 
Na  1.  iron;  but  then  the  fracture  of  such  metal  presents 
an  impure  mass  covered  on  both  £ices  with  a  mixture  of 
oxydaled  inm^  of  a  blueish  colour,  nearly  metallic.  In 
diort,  this  quality  of  iron  is  incapable  of  receiving  such  a 
deg^  of  fluidiQr  as  to  enable  us  to  judg^whether  the  con- 
vejuty  of  its  sur&ce  is  peculiar  to  its  state,  or  b  owing  to 
its  want  of  ctivision  as  a  fluid,  whereby  the  gradual  conso- 
fidation  of  die  metal  b  prevented* 

These  features  sufficiendy  distinguish  betwixt  the  va- 
rious qualities  of  crude  iron  after  they  are  obtidned  from 
tfie  blast-furnace :  there  are,  however,  criterias  not  less 
infidlible,  whereby  we  can  prejudge  the  quali^r  of  the 
metal  many  hours  before  it  b  run  fix)m  the  fiimace.  These 
$K  the  colour  and  form  of  the  scoria,  the  colour  of  the 
ntrid  crust  upon  the  working  bars,  and  the  quantity  d 
carburet  which  b  attached  to  it.  The  variety  of  colour 
and  form  in  the  cinder  almost  universally  indicate  the  qua- 
lity of  the  metal  on  the  hearth.  Hence,  from  a  long 
course  of  experience,  have  arisen  the  following  denonii- 
nations :  "  Cinder  of  sulphury  iron ;"  "  Cinder  of  No.  1, 
No.  2,  and  No.  3 ;"  and  "  Cinder  of  ballast  iron.'^  AI- 
diou^  at  di&rent  wcn'ks,  from  local  circumstances,  the 
same  kind  of  scoria  may  not  indicate,  precisely  the  same 
quatity  of  iron,  yet  tibe.  difference  b  so  sn^all  that  the  fol- 
lowing description  of  the  various  cinders  may  convey  a 
?eiy  just. idea  of  their  general  appearance. 

When  the  scoria  b  of  a  whitish  colour  and  short  fcMTn, 
branching  from  the  notch  of  the  dam,  and  emitting  from 
ks  stream  beautiful  sparks  of  ignited  carbon,  resembling 
ejected  from  a  crucible  of  cast  steel  in  fubion,  c.\- 

Do 
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posed  to  external  air,  or  to  the  combustion  of  fine  sted 
filings  in  a  white  flame ;  if,  when  issuing  firom  the  orifice 
of  the  furnace,  it  is  of  the  purest  white  colour,  poaseanng 
no  tenacity,  but  in  a  state  of  the  greatest  fluid  divisioOi 
and,  when  cold,  resembles  a  mass  of  heavy  torrefied  qptr, 
void  of  the  smallest  vitrid  appearance,  hard  and  durable^ 
It  is  dien  certain  that  the  furnace  contains  sulphury  inm^ 
i.  e.  super-carbonated  iron.  At  blast-furnaces^  where  i 
great  quantity  of  air  is  thrown  in  per  minute^  super^caifao* 
nated  crude  iron  %ill  be  obtained  with  acinder  of  a  kngcr 
form,  with  a  rough  flinty  firactiu^  towards  the  outside  cf 
the  column. 

That  cinder  which  indicates  the  presence  of  carbonated 
iron  in  the  hearth  of  the  fiunace,  fonns  itself  into  circular 
compact  streams,  which  become  consolidated  and  inaert- 
ed  into  each  other ;  these  are  in  length  from  three  to  lune 
feet.  Their  colour,  when  tl^  iron  approaches  the  iint 
quality,  is  a  beautiful  variegation  of  white  and  Uue  ena- 
mel, forming  a  wild  profusion  of  the  elements  of  cmy 
known  figure ;  the  blues  are  lighter  or  darker  acoor&f 
to  the  quantity  of  the  metal  and  the  action  of  the  eztonl 
air  while  cooling.  When  the  quality  of  the  pig-iron  % 
sparingly  carbonated,  the  blue  colour  is  less  vividf  le8sd^ 
licate ;  and  the  external  surface  rougher,  and  more  sullied 
with  a  mixture  of  colour.  The  same  scoria,  when  fused 
in  vessels  which  are  allowed  to  cool  gradually,  parts  with 
all  its  variety  of  light  and  shade,  and  becomes  of  ayeDow- 
ish  colour,  sometiqies  nearly  white  when  the  quanti^  of 
incorporated  metal  has  been  small. 

The  cinder  which  is  emitted  from  the  blast-fumaoe 
when  carbo-oxygenated  (or  No.  3,)  iron  is  produced,  as- 
sumes a  long  zig-zag  form.  The  stream  is  slightly  con- 
vex in  the  middle ;  broad,  flat,  and  cbliqudy  funomd 
towards  the  edges.  The  end  of  the  stream  frequently 
rears  itself  mto  narrow  tapered  cones,  to  the  fadgfat  cf  six 
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or  dgfat  inches :  these  are  generally  hollow  in  the  centre, 
and  are  easily  demolished,  owing  to  their  excessive  brittle* 
ncss.  The  colour  of  this  bva  is  very  various ;  for  the 
most  part  it  is  pale  yellow  mixed  with  green.  Its  tenaci-- 
tjr  is  so  great,  that  if,  while  fluid,  a  small  iron  hook  is  in- 
serted into  it  at  a  certain  degree  of  heat,  and  then  drawn 
fiam  it  with  a  quick  but  steady  motion,  20  to  30  yards  of 
fine  glass  thread  may  be  fcxmed  with  ease.  If  tlie  colours 
are  vivid  and  variegated,  the  thread  will  possess,  upon  a 
minute  scale,  all  the  various  tints  of  colouring  which  is 
found  in  the  columnar  mass.  When  by  accident  a  quan- 
ti^  of  tlus  lava  runs  back  upon  the  discliarging-pipe,  it 
is  upon  the  return  of  the  Uast  impelled  with  such  velocity 
as  to  be  blown  into  minute  delicate  fibres,  smaller  than 
tbe  most  ductile  wire ;  at  first  they  float  upon  the  air  like 
wool,  and  when  at  rest  very  much  resemble  that  sub* 
stance* 

Hie  presence  of  oxygenated  crude  iron  (No.  4,)  on  the 
fiimace-bearth,  b  indicated  by  the  lava  resdvmg  itself 
imo  loi^  streams,  sometimes  branched,  sometimes  co- 
lumnar, extending  fix)m  the  notch  to  the  lowest  part  of  the 
dedivi^ ;  here  it  commonly  forms  large,  flat,  hollow 
cakes,  or  inclines  to  form  conical  figures :  these  are,  how- 
ever,  addom  perfect ;  for  tlic  quantity  of  fluid  lava,  con- 
fi^ed  through  the  centre  of  the  column,  accumulates  fest- 
er Aan  the  external  sides  of  the  cone  are  consolidated ; 
nd  thus,  when  the  structure  is  only  half  finished,  the 
small  crater  vomits  fortli  its  superabundant  lava,  and  is 
demolished.  The  cunxiit  of  such  lava  falls  heavily  firom 
ftedam  as  if  siux:liarged  with  metal,  and  emits  dark  red 
iparks  resembling  the  agitation  of  straw  embers.  Its 
colour  b  still  more  varied  than  tlie  former  descriptions  of 
Korias,  and  is  found  changing  its  hues  through  a  great 
tarie^  of  greens  shaded  with  browns.  Another  variv  ty 
«f  scoiia,  wbdch  indicates  the  same  quality  of  iron,  as* 
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sumes  a  similar  frarm  ;  bi 
mixed  with  browns,  or  is  entirely  black.  When  the  latter 
colour  prevails,  the  texture  of  tlie  cinder  becomes  poroos; 
the  quantity  of  iron  left,  is  now  very  considerable,  and 
such  as  will  be  easily  extracted  in  the  assay.fumace»  iriA 
proper  fluxes.  In  cases  of  total  derangement  in  the  tunaBc, 
thf  scoria  \v  ill  still  retain  this  black  colour,  although  the 
quantity  oi  metal  may  amouut  to  25  per  cent:  the  frac- 
ture, however,  becomes  dense,  and  its  specific  gravitj-  in- 
creases in  proportion  to  the  quantity  of  metal  it  holds  in- 
corporated. 

The  next  source  of  information,  as  to  the  quality  of  dK 
iron  ui  the  furnace,  is  to  be  got  from  die  colour  of  Ihc 
scoria  upon  the  working  bars,  which  are  fix)mtimeto  time 
inserted  to  keep  the  furnace  free  from  lumps,  and  to  bring 
forward  the  scoria.  When  super-carbonated  crude  iron  is 
in  the  hearth,  the  vitrid  crust  upon  the  bars  will  be  ofa 
black  colour  and  smooth  surface,  fully  covered  with  large 
plates  and  brilliant  of  plumbago. 

As  the  quality  of  the  metal  approaches  to  No.  2.  (caibo- 
nated)  the  carburet  upon  the  scoria  decreases  both  tn  pcxnt 
of  quantity  and  size.  .  ~ 

When  carbo- oxygenated  iron  (No.  3.)  is  in  the  f umeC) 
the  working  bars  are  always  coated  with  a  lighter  co- 
loured scoria  than  when  the  former  varieties  exist;  a 
speck  of  plumbago  is  now  only  found  here  and  there,  and 
that  of  the  smallest  size.  When  the  quality  of  die  metd 
is  oxygenated  (No.  4.)  not  only  have  thE  plates  of  carbu- 
ret disappeared,  but  also  the  coally  colour  on  the  external 
surface  of  the  scoria ;  what  no\v'  attaches  to  the  bars,  U 
nearly  of  the  same  nature  and  coloiu-  as  the  lava  emitted 
at  the  notch  of  the  dam. 

These  criteria  are  infallible;  for,  as  the  fusibility  or 
carbonation  of  the  metal  is  promoted  in  a  direct  ratio  to 
the  comparative  quantity  of  the  coally  princqite  i»cseal 
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iimace,  so  in  te  same  proportion  will  the  vitrid 
circling  the  woiiung  bars  exhibit  the  presence  of 
ciple  in  the  fumaoe." 

highly  carburetted,  kishy,  smooth  faced^  very  fusi» 
No.  1,  beats  the  best  price,  as  it  is  used  for  all 
castings,  and  for  cast  iron  cutting,  as  forks,  scis* 
• 

on  called  melting  iroftj  No.  2,  is  also  super-carbo- 
carburetted,  but  in  a  less  di^ee ;  this  b  used 
is,  beams,  pillars,  railways,  8cc. 
n'ge  pig  is  used  exclusively  for  malleable  iron, 
bllowing  account  may  serve  to  throw  some  light 
lults  and  defects  of  iron  and  therefore  I  have  a- 
it  {ix)m  the  8th  Sect,  of  Bei^man  (or  GadoUn's 
p  Anafysi  Ferri. 

rmaferro  tnfunrentia*    Of  the  fcx^eign  substances* 
lin  iron. 

are,  manganese,  arsenic,  zinc,  plumbago,  and 
;  acid.     He  might  have  added,  nickel,  siderite  or 

of  iron,  and  copper. 

ore  be  fused  with  5  times  its  weight  of  nitre,  the 
se  if  any,  will  be  discovered  by  the  blue  tinge  of 
.  slag :  when  iron  is  also  dissolved  in  the  scoriai 
will  be  of  a  bluish  green ;  but  I  do  not  know 
iganese  is  any  detriment  either  to  iron  or  steel. 
Tties  were  first  detected  by  Bergman  in  his  dis- 
on  the  white  ores  of  iron.  No  coal  should  be 
1  to  enter  the  crucible  in  this  experiment.  From 
I's  Experiments,  most  of  the  Swedish  crude  iron 
x>  contain  manganese.  This  substance  may  also 
ted  by  boiling  iron  in  strong  clear  vinegar ;  dien 
lution  of  pearl  ash.  If  there  be  a  w/ute  precipi- 
3  manganese :  one  part  of  the  dried  precipitate, 
L-2  a  part  of  metallic  manganese.  We  are  sadly 
of  a  series  of  experiments  to  ascertain  theefibct 
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of  varidus  pixiparticnis  of  manganese  and  iron  fused  toge- 
ther* But  the  opinions  of  an  experienced  iron  master  and 
a  good  blacksmith)  should  be  taken  upon  the  specimens 
produced. 

Arsenic,  is  best  detected  by  roasting  the  pulverized  ore ) 
but  Bergman  could  detect  none  in  the  cold-short  inm  cf 
Groenge :  but  he  says  that  its  presence,  deprives  iron  cf 
its  magnetism,  and  renders  it  both  red-shorty  and  cold- 
short. Muriatic  acid  will  take  up  the  iron  and  leave  dc 
arsenic.  Aqua  regia  will  take  up  both,  but  water  wil 
throw  down  the  arsenic. 

Zinc  is  sometimes  found  in  iron,  but  seldom.    The 
cold-short  property  is  not  attributable  to  this  metal    The 
blue  colour  of  the  bright  flame,  and  the  white  siibGmalc 
discover  it.    But  it  is  not  found  in  cold-short  iron. 
»    With  re^)ect  to  plumbago,  Bergman  was  not  awfte, 
that  a  superabundant  quantity  of  charcoal  would  form  it: 
nov  did  he  then  know,  I  believe,  that  black  lead  or  {toi- 
bago  wasa  very  carburetted  iron,  in  which  the  inn  ins 
ui  small  proporti(Mi. 

With  respect  to  the  acid  of  vitriol,  modem  knowk^p 
will  acquit  it  of  forming  any  component  part  of  ]rao»or 
of  being  instrumental  in  any  of  its  fiiults. 

It  is  smgular  that  in  Bei^^an's  Experiments,  cold-alxit 
iron  dissolved  in  acids,  and  precipitated  by  the  pcnsBttt 
of  potash  into  Prussian  blue,  continued  cold-short  a  ^ 
being  agdn  reduced  into  metallic  iron. 

Bergman  also  attributed  the  quality  of  cold-short  im 
to  siderite  or  phosphat  of  iron ;  but  I  agree  with  Ml 
Mushet  that  the  violent  heats  of  a  furnace  and  refining,  are 
9ui&cient  to  decompose  this  substance. 

Nickel  has  been  found  in  ircHi,  but  I  know  not  of  any 
bad  effect  from  it.  Nickel  precipitated  with  ircHi,  and  the 
latter  reduced  to  a  red  or  peroxide  by  hjrper-oxymnriatt 
of  lime,  the  nickel  may  be  separated  by  pure  amuGoiB-      i 
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Iran  ores  frequently  contain  copper,  and  if  h  be  in  a 
frapoition  more  than  about  12  per  cent,  the  iron  is  mani- 
festly the  worae  for  it  The  combination  of  good  cqpper 
with  good  inm  does  not  make  it  better ;  and  the  process  of 
manu&cturing  malleable  iron  fiiom  the  ore,  is  not  sufficient 
.  to  produce  good  copper.  Where  the  copper  b  in  large 
proportion,  I  know  not  as  yet  aity  method  of  separating  it 
'    profitably.    Such  methods  are  noticed  by  Jars  and  Schlut* 

Iff,  butthey  are  not  sufficiently  detailed  to  be  relied  <m. 
L  With  respect  to  the  qualities  of  cdd  and  red  short  iron, 
IP  I  cannot  find  any  information  on  which  my  readers  can 
^-  1^  as  to  the  cause.  Whether  it  be  owing  to  an  overdose 
L  tf  carbon,  to  uderite,  to  arsemc,  to  manganese,  to  copper, 
t,  k  not  yet  aetded.  The  cure  can  only  be  found  in  the  re* 
f  iaery  furnace,  and  the  tilt  hanuner,  or  the  rollers. 

[ 

'   Of  the  Refinery  or  Bloomery^  and  the  conoersim  qf  crude 

mm  into  maUeable  iron. 

There  has  been  no  regular  analysis  of  cast  iron,  but  fiiom 

the  phenomena  that  take  place  during  its  conversion  into 

bar  iron,  which  we  shall  proceed  to  describe,  it  will  be 

.  sufficiendy  apparent  what  are  its  principal  constituent 

parts. 

One  of  the  most  obvious  difierences  between  cast  and 
bar  iipn,  is  the  britdeness  of  the  former  and  the  malleabi- 
fity  of  the  latter :  this  malleability  has  accordingly  been 
adopted  by  the  manufacturer  as  the  essential  character  of 
bar  iron,  and  as  affording  him  a  mode  by  which  to  judge 
of  the  efficacy  of  the  means  employed  by  lum  in  reducing 
crude  to  malleable  iron. 

The  first  step  in  the  process  is  refining*.  For  this 
purpose  the  pigs  are  smelted  in  a  refioery,  (tiic  construe- 
^km  of  which  we  have  already  noticed)  by  means  of  char- 

*  Collier  in  Manchester,  Traiw. 
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coal ;  and  as  scxm  as  tibe  metal  is  in  fusion  it  is  let  out  iiw 
to  a  mould  of  sand  to  separate  the  scoria  that  rise  to 
its  surface,  and  in  this  state  is  called  a  half  bloom.  As 
soon  as  it  has  become  solid  it  is  again  transferred  to  the 
furnace  and  tiealed  as  before.  Sometimes  even  a  third 
fiisi<m  is  required  befoie  the  iron  shews  sufficient  mallea- 
bility to  clot  into  lumps  ivhen  broken  down  ahnoat  at  a 
fusing  heat,  by  an  iron  bar.  -When  it  has  acquired  dib 
consistency,  it  b  taken  out  in  moderate  size  pieces,  ^duch 
being  i^ifjxA  under  the  great  forge  or  shmgSng  hammer, 
are  speedily  stamped  into  cakes  about  an  inch  in  thickness. 
Several  piles  of  these  cakes  about  a  foot  hig^,  are  then  hid 
on  flat  circular  stones,  and  placed  in  the  balling  or  irver- 
beratory  furnace,  where  they  are  strongly  heated.  As 
soon  as  the  wliole  acquires  a  pasty  state,  one  of  the  piki 
is  taken  out  by  a  workman  and  drawn  imder  the  hammer 
into  a  short  bar :  which  being  finished,  is  af^died  to  ano* 
ther  of  the  piles,  to  which  it  [Hesendy  adheres :  bdngAen 
withdrawn,  the  new  pordcm  b  welded  firmly  to  the  first 
by  means  of  the  hammer,  and  thus  the  bar  b  doubled  io 
length ;  by  repeating  the  same  simple  and  ingenious  ope- 
ration, the  bar  b  madeas  long  as  its  weight  will  comre- 
niendy  allow.  The  cracks  in  the  bar  are  then  closed,  and 
its  tenacity  b  improved  by  heating  it  afifesh  m  a  fire  made 
of  coal,  called  the  chqfferyj  (chauflferie  Fr.)  and  agaii\,8ub* 
jecting  it  to  the  acticm  of  the  forge-hammer.  It  is  now 
in  the  state  of  common  bar  iron,  and  oug^  to  be  entirdf 
fiee  fix>m  all  earthy  particles.  Af^thb,accQidingtotbe 
use  for  which  it  b  intended,  it  b  transfinred  to  die  slitting 
mill ;  where  it  is  laminated  and  cut  up  into  bars  and  rods 
of  various  dimensions,  by  which  its  toughness  and  com* 
pactness  b  much  improved,  and  b  then  ready  fisr  tb& 
smith. 

The  above  method  is  called  stamping ;  but  besides 
thby  dierc  b  another  known  by  the  name  oil  Jlourislmig% 


irtiich  requiitt  a  short  notice.  In  this  Ae  pigs  oT  cast 
iroa  when  put  into  the  refineiy,  are  kept  for  about  two 
boursanda  half  in  a  pasty  state  without  actually  meltings 
mdatdieendofthispmod  the  metal  b  taken  out  by  sho- 
vds  and  laid  on  the  (q>en  floor  on  a  plate  of  oist  iron,  where 
it  is  beaten  with  hand-hammers  in  order  to  knock  off  the 
lioders  and  odier  adhering  impurities.  It  b  afterwards 
|iftoed  under  the  fiirge  hammer  and  beaten,  at  first  gendy, 
n  the  whde  mass  has  acquired  some  tenacity,  and  dien 
die  middle  part  b  drawn  into  a  bar  four  feet  long,  termi- 
ntcd  at  each  extremity  by  a  cubical  lump  of  rough  inm : 
bthb  state  it  b  called  an  Anctmy.  It  b  now  taken  to  the 
Chaflfery,  hammered  afinesh,  and  the  ends  bdng  also  drawn 
lown  to  the  same  dimensions  as  the  odier  part,  die  bar  b 
BDmpleated. 

A  third  method  of  working  iron,  caOed  pudcfSngj  waa 
ianrented  by  Mr.  Cort,  (as  appears  from  the  specifications 
of  lus  two  patents*)  and  b  we  understand  coming  into 
jgeoeral  use  at  Sheffield  and  other  places.  It  b  particular- 
If  characterised  by  combinii^  the  reverberatory  with  the 
inery  furnace,  and  the  whole  jn'ocess  b  managed  in  die 
fattewing  manner.  The  pigs  of  cast  iron  produced  by 
fat  smelting  furnace  are  broken  into  pieces,  and  are  mix-* 
Dd  in  such  propcxtions  according  to  their  degree  of  carbo- 
nisatiDn,  that  the  result  of  the  whole  shall  be  agrey  metal. 
rtus  mixture  b  then  speedily  run  down  in  a  blastfurnace^ 
iriiere  it  remains  a  sufficient  time  to  allow  the  greater  part 
af  the  scorias  to  rise  to  the  surfiice.  The  furnace  b  now 
tapped,  and  the  metal  runs  into  moulds  of  sand,  by  which 
it  18  fianped  into  pigs  about  half  the  size  of  those  which  are 
nade  at  the  smelting  furnace ;  and  these  pigs  when  colj 
broken  into  pieces. 


*  See  Repertory  of  Arts,  III.  p.  389  and  361,  (old  series,)  for 
Hr.Cort's  two  patents. 

£  £ 


A  oommon  feverberatory  furnace lieaEted  by  coal,  bnov 
chained  \nth  about  2t  cwt.  of  this  half  refined  grey  iiav 
In  a  little  more  dian  half  an  hour,  the  metal  will  be  foupd 
to  be  nearly  mdted ;  at  this  period  the  flame  is  turned  dl^ 
a  little  water  is  i^rinkled  over  it,  and  a  workman  by  iatro> 
ducing  an  kon  bar,  or  an  instrument  shaped  like  a  hfi^ 
through  a  hole  in  the  side  of  the  furnace,  begins  to  «tir 
the  half  fluid  mass  and  divide  it  into  small  pieces,    inlkf 
course  of  about  fifty  minutes  from  the  commenoemeotitf 
the  process,  the  iron  will  have  been  reduced  by  constsnot 
stilting  to  the  ccmsistence  of  small  gravel,  and  will  beoQi^ 
sidfrably  cooled.    The  flame  is  then  turned  on  again,  tbc 
workman  continuing  to  stir  the  metal,  and  in  three  mi- 
nutes time  the  whole  mass  becomes  soft  and  apmiBuid> 
upon  which  the  flame  is  again  turned  off.     The  faoMBit 
part  (^  the  iron  now  begins  to  heave  and  swell,  and  esut 
a  deep^blue  lambent  flame,  which  appearance  is  called  fir- 
mentaticm :  tiie  heaving  motic^  and  accompanying  ftnoe 
soon  spreads  over  the  whole,  and  the  heat  of  the  metA 
seems  to  be  rather  increased  than  diminished  for  the 
quarter  of  an  hour ;  after  this  period  the  temperature 
fisills,  tlie  blue  flame  is  less  vigorous,  and  in  a  little 
thana  quarter  of  an  hour  the  metal  is  cooled  to  a  duUitdy 
and  the  jets  of  flame  are  rare  and  faint    During  the  viUe 
of  the  fermentation,  the  stirring  is  continued,  by  whk^ 
the  iron  is  at  length  brought  to  the  consistency  of  sand, 
it  also  approaches  nearer  to  the  malleable  state,  and  io 
consequence  adheres  less  than  at  first  to  the  tool  with  irincb 
it  is  stirred.    During  the  next  half  hour  the  flame  b  turn* 
ed  ofi*  and  on  several  times,  a  stronger  fermentatioo  laka 
place,  and  a  bud  hissing  noise  is  perceived,  the  lambent 
flame  also  becomes  ofa  clearer  and  lifter  blue;  tfaemebd 
begins  to  clot  and  becomes  much  less  fusible  and  wot 
tenacious  tlian  at  first ;  the  fermentation  then  bydegKes 
subsides,  the  emission  of  blue  flame  nevly  ceasiesi  tbeinA 


Ib  gatibered  into  lamps  and  beaten  with  a  heavy-headed  tool« 
Finally,  the  tools  are  withdrawn,  the  apertures  tbfough 
winch  diey  were  worked  are  closed,  and  the  flame  is  turn- 
ed on  in  full  force  for  six  ot  eight  minutes.  The  pieces 
being  thus  brought  to  a  hi^  welding  heat  are  withdrawn 
and  shingled ;  after  this  they  are  again  heated  and  passed 
Arough  grooved  rollers,  by  which  the  scorise  ^st  separate 
tA  and  the  bars  thus  forcibly  comjMi^essed  acquire  a  high 
degree  of  tenacity* 

The  more  welding  and  hammering  that  bar  inxi  is  sub- 
ject to,  the  tougher  it  becomes  and  the  more  fibrous,  of 
Mrvous  as  the  French  term  it^  is  the  firacture.  Hence 
arises  the  superiority  of  Stub  iron  ta  aU  the  other  varieties 
ibr  barrels  of  fowling  pieces  and  other  uses,  where  extremfe 
toughness  b  required.  It  is  prepared  in  the  following 
method.  A  moderately  broad  ring  of  the  best  Swe£sh 
iron  is  placed  horizontally  and  filled  with  old  horseshoe 
nails  (called  stubs)  set  perpendicularly,  till  it  can  hdd  no 
nore :  a  pointed  bar  of  iron  is  then  driven  mto  the  cen** 
tre  of  the  circle,  and  thus  locks  the  whole  fast  together. 
A  welding  heat  is  then  qiplied,  and  the  mass  is  ham« 
sneredvery  gently  at  first,  till  the  nails  and  rii^  become 
oompleatly  united  :  it  is  then  drawn  down  into  bars  and 
alferds  an  iron  of  peculiar  closeness,,  tougliness,  and  mal- 
leabilitv. ' ' — Aikin. 

"  To  produce  malleable  iron  in  its  pure  state,  many  and 
various  have  been  the  processes  adopted :  these  however 
have  all  in  some  measure  fallen  short.  Malleable  iron 
ought  to  possess  no  foreign  mixture  whatever,  to  be  m  a 
Blate  of  purity ;  but  as  the  modes  of  operation  have  hither^ 
to  consisted  in  manufacturing  this  state  of  the  metal  fix)m 
crude  iron,  and  as  crude  iron  is  al^i'ajrs  found  to  contain 
praudples  inimical  to  maUeability,  it  is  obvious,  that  the 
qpiafity  of  malleable  iron  mil  at  all  times  depend  upon 
diedqgree  of  expulsion  of  the  alterative  mixtures  contain 
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cd  in  the  crude  iron,  the  destruction  of 
consequent  malleabUization  of  the  iron,  constitute  the  uni- 
versal acknowledged  principles  of  bar-iron  making. 

From  the  imperfect  dissipation  of  oxygen,  and  carixm 
in  the  process  of  giving  malleability,  arise  the  variou&qua- 
lities  of  malleable  iron ;  these  ma)-  be  arranged  in  the  fol- 
lowingorder: — -1.  Hot-short  iron  ; — 2.  Cold  short  rai; 
— and,  3.  Iron  partaking  of  none  of  these  evils  ;  and  so 
far  it  may  be  denominated  pure  malleable  iron. 

1.  Hot-short  iron  is  possessed  of  an  extreme  degree  of 
fusibility  when  in  contact  with  a  high  degree  of  iieat,  and 
is  incapable  of  receiving  the  weight  of  a  small  hamraa 
without  dissipating  ;  it  is,  however,  possessed  of  an  ex- 
treme degree  of  sofmess  and  ductility  when  cold,  and  may 
then  be  bent  or  twisted  in  almost  any  direction.  Varioiu 
reasons  iia\  c  been  assigned  for  this  destructive  property  in 
hot-short  iron.  I  am  of  opinion,  that  it  arises  from  tiie 
iron  containing  a  small  portion  of  concrete  carbon,  not  ei- 
tiqiated  during  the  operation  of  rendering  the  iron  malkfr 
ble ;  and  that  in  proportion  to  the  quantity  of  carbcm  uri 
ted,  so  will  be  the  shortness  or  fusibiUty  of  the  iron :  this 
variety  of  iron  is  always  of  a  dark  coloured  unmetallic  h» 
ture. 

2d.  Cold-shortironispossessedofthepropertyofwifli. 
standing  the  most  violent  degree  of  heat,  without  exhibit- 
ing the  kasl  indication  to  fusion  ;  it  remains  firm  under 
the  heaviest  hammer,  and  is  capable,  wliile  hot,  of  beii^ 
beat  into  any  shape  :  when  cold,  however,  it  is  brittle,  and 
possessed  of  a  small  degree  of  tenacity  :  its  fracture  is  al- 
ways clearand  large-grained,  of  a  light  blueish  colour.  A 
small  pordon  of  iron  dissolved  in  the  phosplioric  acid  is 
now  believed  to  constitute  tlic  cpld-short  principle  of  iron. 
Besides  the  difficulty  of  conceiving  how  an  acid  could 
exist  in  the  violent  and  long  continued  heats  of  the  refine- 
ry, the  puddling  and  balling  furnaces,  wherein  the  mctai 


y  subjected  to  notion,  frequently  agitated,  and  extremdy 
h^ded,  how  does  it  happen,  that  that  iron  on  which  the 
(dd-short  princi{de  is  impressed,  becomes  more  and  more 
old-sbort,  by  a  continued  exposure  to  the  combination 
f  OAygen  with  caloric,  dther  excited  by  blast  or  the  at- 
nuated  heat  of  a  wind  furnace  ?  This  fact  would  imjdy 
I  generation  of  the  alterative  j»inciple — ^which  is  indeed 
Ak  case — but  which  cannot  be  admitted,  if  the  cdd-short 
tpsSky  is  attributed  to  the  phosphat  of  iron ;  unless  re- 
ocmse  is  had  to  the  supposition  of  a  new  combination  of 
this  metallic  salt  during  the  operation. 
.  If  highly  oxygenated  crude  iron,  of  any  manufacture,  is 
exposed  to  the  action  of  aciurent  of  flame,  after  its  small 
INxtion  of  carbon  is  burnt  out,  and  after  the  mass  has  ex- 
libited  the  propcc  signs  of  malleability,  it  will  pass  into 
liie  state  of  cold-short  iron ;  and  this  principle  will  exist  in 
pmportion  to  the  length  of  the  exposure ;  or,  in  other 
iMords,  in  proportion  to  the  oxygen  presented  to  the  me- 
lrii  and  its  tendency  to  quit  the  caloric  to  unite  with  the 

3d.  Pure  malleable  iron  derives  its  strengUi,  tenacity, 
nalleability,  and  ductility,  by  being  totally  deprived  of  the 
rinciples  which  constitute  the  cold  and  hot-sliort  qualities 
£  iron.  This  b  effected  in  the  course  of  rendering  it 
oaDeable,  either  by  the  attention  of  the  workmen,  or  from 
be  pn^)er  qualit}^  of  the  crude  iron  used  :  its  fracture  is 
generally  clear,  consisting  of  small  regular  dark  blue 
;indns ;  by  much  hammering  the  iron  commonly  gains 
ibie,  and  b  then  of  a  light  blue  colour,  uncommonly  te- 
ncious  when  cold.  The  excellence  of  piu^  malleable 
roa  is  also  manifested  by  the  astonishing  degree  of  heat  it 
iridistands  without  exhibiting  the  least  sign  of  fusion,  or 
frithout  lo^g  much  of  its  metallic  parts  by  oxydation. 

A  line  of  distmction  ought  to  be  drawn  betwixt  the  iron 
voduced  with  wood-charcoal  and  pit-coal.    As  the  pie* 
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sent  relation  of  the  simple  principles  of  the  metal  does  not 
immediately  interfere  with  that  distinction,  it  will  more 
properly  arrange  itself  along  with  the  observations  on  tte 
various  modes  practised  for  rendering  iron  malleable. 

However  variously  ccmducted  the  modes  of  operatioil 
are  at  diflferent  works,  and  in  different  countries,  to  pro* 
duce  malleable  iron,  yet  the  principle  of  cq)erat3oa  is  Ae 
same,  namely,  that  by  dissipating  the  carbon  and  oxygen, 
contdned  in  the  crude  iron,  bar  or  malleable  iron  is  tbeit- 
sult. 

Furnaces  of  a  multiplicity  of  shapes*  have  been  eftcted 
for  this  purpose ;  but  in  the  most  perfect  conducted  pro- 
cesses hidierto,  it  has  been  found,  that  a  heavy  loss  of  me- 
tallic parts  accompanied  the  manu&cture :  40,  35,  to  SO 
cwt.  of  crude  iron  have  been  used  to  fabricate  1  too  of 
finished  bars ;  the  quantity  used  always  depen^Ung  upon 
its  aptness  to  become  malleable,  the  skilUulness  of  ibt 
workmen,theoperationadopted,andthe  quality  ofthennl* 
leable  iron  wished  to  be  produced.  Hiese  observalidDB 
moreimmediatelyrelateto  the  home  manufactures  of  irob 
xvidipit-coal ;  but  in  ijfiany  instances  they  will  also  applytb 
those  of  other  countries,  where  the  charcoal  oi  wood  k 
used  for  fuel. 

Since  crude  iron  exists  of  such  a  variety  of  quandtiesi 
oAving  to  the  various  proportions  of  mixture  united  wiA 
it ;  and  since  it  is  almost  universally  used  to  produce  bar 
or  malleable  iron ;  it  is  natural  to  infer,  that  there  mutt 
exist  one  particular  variety  of  it,  which  could  be  appro- 
priated to  the  manufacture  in  preference  to  any  otfacr> 
Theory  says  that  that  crude  iron,  carbo-oxygeioaleii^ 
which  contains  the  alterative  principles  in  equal  portions^ 
requires  only  to  be  exposed  in  a  fluid  state  to  the  aetidn 
of  fire,  either  in  a  wind  furnace  or  small  blast,  Bf  tfds 
exposure  the  carbon  becomes  volatilized  in  coml»nftti(n 
wi&  tSe  oxygen.  Practice  hashowcver  coniBned  the  qgciiK 
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tikxi  chiefly  ^  tbe  forge  pig  (oxygenated  cnaie  iron}. 
This  wiety  of  iron  becomes  sooner  malleable,  but  b 
fikemse  suaoepdble  of  early  oxydation,  and  consequently 
liaUe  to  become  cold  short  Neither  can  it  unite  to  bd/c 
icn  those  properties  from  whence  are  derived  great 
ttength  and  du^Ulity. 

When  cvbonated  crude  inxi  is  used,  the  waste  then  i^ 
ft  to  be  excessive :  the  metal  i^etains  for  top  long  a  peri- 
od its  fusible  principle^  which  must  necessarily  expose 
Ac  mass  to  a  longer  continued  action  of  the  flame,  whereby 
oxydation  on  the  metal  in  a  fluid  state  takes  place,  and  a 
ecmaderable  portion  of  it  is  destroyed  before  ^iron  ex- 
Uiit  signs  of  infii^bility. .  Malleable  iron  made  from  diis 
Me  of  the  metal  has  a  great  tendency  to  be  red  short, 
(tad  loses  also  con^deraUy  of  its  weight  under  die  forge 
iiunmer* 

It  has  at  all  times  been  asserted^  that  crude  iron  contains 
A  considerable  proportion  of  its  parts,  by  weight,  inimical 
to  malleability ;  and  that,  in  die  operation  of  refining,  it 
Aen  parts  with  this  proportion  of  mixture  which  renders 
the  remainder  malleable.  A  conclusive  inference  from 
this  would  be,  that  somecrqde  irons  contain  one  Iialf^ 
some  three  fourths,  and  others  again  an  equal  portion  of 
nuxture  for  ir(Hi ;  seeing  these  are  the  proportions  lost 
by  ir<m  m  the  operation  of  rendering  it  malleable.  The- 
miscluef  with  which  this  fallacious  opinion  is  fraught  is 
inconceivable ;  especially  as  it  lias  been  supported  by 
men  who  have  laid  claim  to  scientific  and  practical  abili* 
ties ;  the  belief  of  it  slackeas  the  industry  of  individuals 
.  to  attempt  lessening  the  loss  of  real  metal ;  on  the  contra- 
ly,  workmen  are  taught  to  look  upon  a  large  proportion 
of  it-as  incapable  of  being  metallized,  and  as  only  fit  for 
destruction. 

If  manufacturers  ofbar-in^i  would  more  fiequently  de- 
prive a  given  weight  of  the  scoria  of  the'  refinery  and  pud- 


diing  furnaces,  of  its  iron,  they  would  be  move  able  to  (•' 

timate  the  portion  of  unmetallic  parts  contained  in  their 
crude  iron :  upon  finding  the  scori;i  to  contain  30, 40,  to 
50  per  cent,  of  iron,  equally  fit  for  converting  into  mal- 
leable iron  as  any  part  of  the  original  mass,  their  atteotiQa 
would  be  more  frequently  arrested,  and  employed  to  de- 
vise means,  either  to  prevent  the  escape  of  such  a  conskla- 
sble  proportion  of  iron,  or  to  fuse  such  scoria  so  as  to 
deprive  it  of  the  last  portion  of  metal." — Mus/iet. 

Conversion  of  Pig-iron  into  malleable  Iron,  and  Sted 
From  Dr.  Rees's  Cycbp^dia,  new  edition. 

1.  Sar,  or  wrought  Iron.  Iron,  as  obtained  hy  the 
reduction  of  its  ores  in  the  blast-furnace,  cont^ns,  as  wc 
have  before  stated,  a  certain  proportion  of  carbon,  which 
renders  the  metal  unfit  for  the  various  purposes  of  (ag- 
ing, but  constitutes  its  principal  value  as  applicable  to  tie 
use  of  the  founder.  To  deprive  it  of  this  ingredientco- 
tain  processes  are  gone  through,  the  object  of  which  ia^ 
by  the  concurrent  action  of  heat  and  air,  to  dissipate  de 
carbon  under  die  form  of  an  elastic  compound.  The  kipd 
of  iron  chosen  for  the  conversion  is  that  denominated  h] 
manufacturers  _/or^e-/i;^.  It  is  die  lowest  quality  nwde 
for  the  purposes  of  art ;  and,  in  consequence  of  its  bong 
combined  with  a  smaller  dose  of  carbon  than  any  otfae^ 
which  thus  causes  it  to  bear  a  less  price  in  the  marked  is 
doubly  preferable  for  the  end  required. 

The  price  oi pig-iron  is  almost  exclusively  determined 
by  the  quantity  of  carbon  which  is  in  combtnauoo  with 
it.  The  varieties  usually  distinguished  are  No  1,  odxr* 
ivise  called  grey,  smooth-faced,  or  kishy,  mdal ;  Nos  3 
and  3,  ixT\6.Jbrge-pig.  The  proportion  of  carbonaceous 
matter  present  ui  these  varieties  isdifferendy  stated  by  dif- 
ferent experimentalists.  Clouet  makes  the  highest  |a»- 
pordc>n  to  amount  to  ^th ;  but  from  die  results  obtabKl 
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by  Mr.  Mushet  in  combining  iron  directly  \vith  the  doses 
of  clurcoal  requisite  to  produce  its  various  sub-carburets, 
A^th  appeared  to  be  the  maximum.     Of  this,  the  follow- 
ing table,  published  by  him  in  the  13di  vol.  of  the  Philo- 
fical  Magazine,  will  afibrd  the  necessary  proof. 
Soft  cast  steel        ......        ^j^^ 
Common  ditto .^ 
Same,  but  harder ^ 
Ditto,  too  hard  for  dra.wing         -        -        .        .     ^ 
White  cast  iron,  (same  as  before  caMeA  forge -filg)  ,Y 
Mottled  cast  iron  [No.  3.)      •        -        -        -         ,'5 
Black  cast  iron  (No.  1.)     -         -         -                -      ,V 
the  first  step  in  the  process  of  decarbonization,  acconl- 
H^  to  the  more  common  mode  of  operating,   is  to  ex- 
pose the  iron  in  a  furnace,  called  by  some  a  refinery,  but 
by  others,  to  distinguish  it  from  tme  hereafter  to  be  des-* 
crUxd,  a  run-out  Jitmace.     It  consists  of  a  vessel  opca 
at  the  lop,  imbedded   in  stone  or  brick  ivork,  about  two 
feet  three  inches  long,  two  feet  wide,  and  tt^  inches  deep. 
Tins  is  generally,  in  part,  constructed  of  cast  iron ;  and, 
vbea  so  made,  has  an  outer  case  about  tivo  or  three  inch- 
tt  dtslant  from  the  inner  one,   which  is  constandy  sup- 
Bed  with  a  sta^m   of  cold  water  to  prevent  the  apparatus 
lott  melting.     The  iron  to  be  decarbonized  is  placed  tn 
Wsreceptacle,  sind  kept  in  a  continual  stale  of  fusion  for 
I  isoe  or  four  hours  by  theiddofacokefire,  which  ishcap- 
\  Uto  a  considt-rable  height  above  tlie  level  of  the  vessel, 
d  extended  proportionally  on  the  hearth  that  surrotmds 
The  size  of  tht  heartli  is  mostly  about  three  yards  in 
I,  and  from  rwo  to  lliree  wide,  and  is  completely  co. 
~*6ed  by  tlie  fumiel  of  the  overhanging  chimney.     Bellows 
if  considerable  size  arc  employed  to  cany  aa  tite  process ; 
t|_  Bd  the  current  of  air  which  issues  from  them  is  directed 
diateh'  on  the  surface  of  the  iron  by  one  or  mort-  tu- 
These  tuyeres  arc  double,  like  the  case,  and  con- 
F   F 
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tumally  cooled  by  the  application  of*  the  same 
When  Hk  decarbonization  is  conipleated,  ihe  metal  is  Jet 
out  at  an  opening  in  the  side,  which  has  been  kept  close 
during  the  operation  by  a  stopping  of  sand.  It  flows  in- 
to a  groove  about  18  inches  wide,  and  six  or  seven  feet 
long,  constructed  of  stone  in  the  floor  that  surrounds  the 
furnace.  The  bottom  of  the  vessel  is  so  placed  as  to  be 
nearly  on  a  level  ivith  the  floor  ;  the  only  elevation  given 
to  it  being  what  is  merely  sufficient  to  let  the  iron  runout 
with  iacilit)'.  A  considerable  quantity  of  vitreous  oxyd 
is  formed  during  the  process ;  and  die  loss  in  the  weight 
of  metal,  which  is  stated  to  amount  to  from  ith  to  Wi,  b 
principally  referable  to  tlus  circumstance.  The  total 
quantity  of  carbon  which  the  iron  contains  originallyt  is 
not  estimated  at  more  than  ^Vth  ;  and  yet  the  approach  of 
^  to  tlie  pure  state,  or,  in  technical  language,  to  the  abOc 
of  bar  or  -wrought  iron,  after  tliis  operation,  is  very  iaan- 
siderable. 

The  cake  of  metal  procured  by  these  means  is  brolttn 
into  lumps  of  a  convenient  size,  and  subjected,  in  a  fiff- 
nace  of  another  description,  to  a  process  known  in  the 
art  by  the  name  <£  ptiddhig.  The  furnace,  which  is  also 
distinguished  by  the  same  term,  is  a  variety  of  the  rcvrr- 
beratory ;  and  at  the  immediate  point  where  the  flame 
strikes  upon  the  hearth,  a  shallow  concavitj-  is  worked 
out,  in  ivhlch  the  melted  iron  is  exposed. ,  Opposite  to  it 
is  a  door,  and  through  this  the  metal  is  kept  in  contii^ual 
notation,  by  means  of  a  sort  of  rake,  for  the  purpose  irf 
exhibiting  fresh  surfaces  perpetually  to  the  influeiwe  of 
the  air.  Water  is  likewise  occasionally  thrown  in,  which 
in  some  degree  contributes  to  the  decarbonization.  With 
the  loss  of  carixm,  die  iron  also  loses  its  fusibilitt-,  and 
about  tite  middle  stage  of  the  operation  appears  in  the 
form  of  small  detached  lumps,  ivhich  scarcely  seem  to 
exert  any  affinity  for  each  other.     At  length,  however,  by 
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mnch  sdrring,  and  finequently  pressing  them  together,  they 
Dohere  into  a  pulpy  mass ;  and  being  gathered  into  pieces 
of  a  oonvement  size,  are  carried  under  rdlers,  where,  after 
passing  through  four  pairs,  in  succession,  of  a  gradually 
diminishii^  g'uage,  they  are  produced  into  plates  se^'en  or 
dgfat  inches  wide,  and  three  feet  or  mcn^e  in  length.  Con- 
aderable  quantities  of  matter  are  squeezed  out  in  tlie  rcdl- 
ii^,  which  principally  consist  of  a  vitreous  kind  of  oxyd. 
This  is,  for  the  mostpart,  to  be  referred  to  die  action  car- 
ried on  in  the  furnace :  but  some  portion  of  it  is,  in  aH 
probabffity,  created  by  the  combustion  of  small  pieces  of 
ikiid  metal,  which,  engaged  amongst  the  particles  of  the 
puddled  mass,  are  huiled  through  the  air  in  a  state  of  vivid 
inflammation,  by  the  compressive  violence  of  the  rollers. 
The  total  loss  thus  sustained  is  estimated  at  from  l-6th 
to  l-7th.  The  plates  obtained  by  this  treatment  have  a 
very  incompact  appearance  :  and  if  attempted  to  be  work- 
ed in  the  state  they  are  then  presented  under,  would 
crumble  almost  wholly  into  small  granulated  lumps.  To 
impart  to  them  the  necessar}'  closeness  and  solidity,  they 
axe  again  heated  in  another  kind  of  furnace,  and  beaten 
forciUy  with  a  heavy  hanuner,  wliich  is  raised  by  ma- 
cihiner}'. 

Previously  to  being  thus  treated,  they  are  broken  up 
into  cakes  of  small  luze,  and  placed  upon  circular  slabs  of 
stone  from  8  to  12  inches  in  diameter.  The  size  of  the 
cakes  is  in  a  great  measiue  determined  by  a  particular  ef- 
fect of  the  last  pair  of  rollers  %at  diey  are  passed  through ; 
ribs,  of  a  diamond  shape,  girding  cither  one  or  both  of 
Aem,  on  the  whde  extent  of  their  sur&ce,  which  leave  a 
deep  indentation  on  the  plates,  so  as  to  render  them  easily 
fran^ble  in  that  direction.  The  height  to  wliich  these 
cakes  are  piled  on  the  circular  slab  just  spoken  of,  is  gene- 
rally about  12  inches ;  and  when  so  {uepared,  they  are 
placed  on  the  hearth  of  a  reverberatoiy  furnace,  which 
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diflfers  but  little  in  form  from  that  employed  for^udbl&if, 
excqjt  in  being  flat  at  the  bottom  instead  of  concave. — 
The  furnace  is  denominated  a  ballhig  furnace ;  and  the 
piles  of  metal  pies  or  balls.  They  are  continued  in  this 
silLiation  until  they  have  arrived  at  awtlding  l»eat,  and  arc 
then  removed  by  large  tongs  under  the  stroke  of  the  ham- 
mer. Near  to  the  place  a  smith's  forge  is  kept  in  blast, 
where  long  bars  of  iron  aro  also  urgtd  to  the  welding 
point ;  and  after  the  first  stroke  ot  two  of  the  hammer, 
united  to  the  balled  masses  to  affortt  greater  convenience 
in  turning  them.  The  masses  arc  beaten  out  intos^ots 
of  about  three  feet  in  length ;  and  the  bar  last  men- 
tioned being  separated,  they  are  divided  deeply  by  ID 
instrument  termed  a  set,  to  facilitate  Uieir  being  iSia- 
Wards  broken ;  and  die  process  is  then  completed^ 
They  are  in  this  state  called  blooms,  and  have  yet  to  un- 
dergo another  operation,  for  tlie  purpose  of  being  made 
into  bars  or  plates.  Much  loss  is  sustained  by  tlK  last 
treatment,  and  principally  from  the  same  formation  of 
oxyd  as  w-as  noticed  in  the  preceding  case.  The  quan- 
tity dius  lost,  added  to  the  waste  occasioned  in  the  bloom' 
ery,  which  comes  next  to  be  described,  is  usually  con- 
sidered as  equal  to  l-5th  of  the  metal  obtained  by  pud- 
tIBng ;  which  will  make  the  total  dtiicieney,  by  all  tbe 
operations  as  nearly  equivalent  to  35.  The  ingots  or 
bloomsy  which  are  received  from  the  hammer,  after  being 
broken,  over  a  small  wedge-shaped  block  of  iron  called  a 
tup,  are  placed  in  a  species^  re\erbciatorj',  very  similar 
to  the  balling  furnace,  and  denominated  a  blooming  Jia- 
7Uice,  or  bloomery,  They  are  here  heated  to  welding,  wd 
then  submitted  to  the  requisite  pressure  under  raOeis, 
which  are  either  plain  or  grooved,  accco'ding  as  the  irtm 
is  wished^  to  be  obtained  in  plates  or  in  bars.  This  com- 
pletes the  whole  of  the  processes  necessary  fo"  making  the 
best  malleable  iron  ;   aiid  it  results  from  the  observations 
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Rrfiich  have  been  preimsedi  that,  in  order  to  procure  me 
Ion  of  it,  five-and-thirty  hundred  weight  of  forge-pig  i& 
previously  required. 

Two  odier  modes  of  (^)erating  are  at  present  in  use ; 
one  of  which  omits  iSat  puddling^  and  the  other  that  part  of 
be  foregoing  process  that  concerns  the  £ibrication  of 
Umns.  In  the  former,  iron  is  exposed  to  the  heat  of  a 
cfaarcoal  fire,  in  a  species  of  furnace  predsdy  similarto 
Ae  one  before  described  as  a  r^nery^  or  run-ouUfiamace  ; 
and  is  continued  in  that  situation,  until  the  metal  is- 
diought  to  be  sufficiently  decarbomzed.  It  is  very  fre- 
quently stirred  during  the  operation ;  and  when  brou^t 
into  nature^  (to  use  the  technide  expression)  is  collected 
into  masses,  and  remm^ed  by  tongs  under  alarge  hammer, 
denominated,  as  applied  to  this  particular  use,  a  stamping 
hammer^  where  it  is  beaten  into  cakes,  which  are  after- 
wards broken  up,  and  treated  in  the  balling  Jitmace  as  be- 
fare  described.  This  is  the  old  mode  of  working,  and 
the  iron  obtained  from  it  is  by  many  conceived  to  be  of 
very  superior  quality.  The  heat  produced  is  considera- 
bly inferior  to  that  afforded  by  coke  in  the  run-out  fwr- 
nace^  and  the  iron  is  less  surrounded  by  the  fuel  than  in 
the  case  just  mentioned.  The  present  cliarcoal  fire  is 
pxjperly  a  refinery^  and  not  the  one  which  is  used  merely 
18  a  preliminary  to  the  process  oi puddling.  Here  the  bu- 
uness  of  decarbonization  is  at  once  completed  ;  and  the 
resulting  metal  is  in  the  same  state  of  purity  as  that  y  ield- 
sd  firom  the  rollers,  after  it  has  been  puddled  by  the  otlier 
tnetbod.  BaWng  and  blooming  follow  in  regular  succes- 
skxiy  and  plates  or  bars  are  produced  exactly  as  before. 

According  to  the  second  mode  of  treatment  in  which 
blooming  is  omitted,  the  masses  obtained  from  the  balling 
furnace  are  reduced  under  the  hammer  into  the  form  of 
•olid,  cubical  blocks ;  and  when  their  temperature  is  too 
imich  lowered  to  be  capable  of  any  farther  working,  they 
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are  agsun  Iieated  in  u  iiix:  called  a  chajbrtfj  which  b  urged 
by  a  powerful  pair  of  bellows,  and  scarcely  differs  fint>in  a 
common  smith's  forge,  exGq>t  in  being  larger,  and  the 
cokes  upon  it  being  heaped  up  to  the  unusual  hdgfat  of 
at  least  two  feet.  In  this  situation  they  are  r^sed  to  die 
point  of  wdding,  and  aftenA^ards  hammered  out  mto  m- 
gots  of  a  flattened  shape.  Ircm  bars  are  united  to  diem 
very  shordy  after  they  are  brought  from  the  baWng  fir- 
naccj  to  aficHrd  a  greater  £icility  of  mani^ement,  m  dc 
same  maimer  as  was  described  in  the  making  of  Uoams; 
and  these,  as  befixie,  are  detached,  when  the  ingot  is  auffi- 
ciendy  formed.  The  iron  produced  in  this  way  is  not  coiw 
sidered  so  good  as  that  aifcxxled  by  either  of  the  otfaerpio- 
cesses,  and  is  employed,  for  the  most  part,  in  the  com- 
nfoner  services  of  art.  Repeated  rolling,  or  hammerings 
is  the  only  means  of  imparting  the  fibrous  texture  son& 
cessaxy  to  good  bar  iron ;  and  as  this  treatment  is  lesi  fine- 
quent  in  the  piiesent  mode  of  operating,  the  deficiency  of 
value  m  the  material  obtained  may  very  probably  be  refer- 
able almost  exclusively  to  this  circumstance. 

The  above  include^the  whole  of  the  important  ymaAtm 
that  are  presented  in  the  manufacture  of  bar-inm.  Odicr 
shades  of  disagreement  may  be  traced  in  difierent  works  i 
but  they  are  of  a  nature  too  triflii^  and  unimportant  to 
merit  any  particular  enumeration.  The  art  is  sdU  in  its 
in&ncy ;  and  the  light  of  chemical  science,  by  bdng 
broughttoa  focus  here,  cannot  fail  to  disclose  many  im- 
provements in  the  present  modes  of  procedure,  wfaid 
\iill  gready  abridge  the  expense  now  incident  to  this  va^ 
luaUe  branch  of  national  industry.  That  the  mere  ab- 
straction of  about  4  per  cent,  of  carbon  should  require  a 
sacrifice,  in  efiectingit,  of  above  4X)per  cent,  of  iron,  ap- 
pears monstrous  beyond  example :  and  as  those  who  art 
connected  with  the  art  become  more  scientific  in  d^ 
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'f  we  shall  unquestionably  find  that  h  will  be  much 
economically  accomplished. 

fhen  iron  has  been  completely  freed  from  carbon,  and 
pquired  its  highest  degree  of  malleability  by  repeat- 
Vnmerings,  it  is  by  far  the  most  tenacious  of  afl  the 
I,  and  is  capable  of  being  drawn  into  the  finest  wire, 
e  tenacity  of  iron,  as  well  as  of  all  the  rest  of  the 
able  metals,  varies  considerably  according  to  its  soft- 
^  After  iron  has  been  kept  in  a  red  heat  for  some 
^and  sufiered  gradually  to  coot,  it  becomes  remark- 
j^anged  in  point  of  softness.  By  being  hammered, 
I  into  wire,  or  rolled,  it  increases  in  hardness  to  a 
p  extent ;  but,  at  the  same  time  partly  loses  its  mal- 
[ty.  By  this  mechanical  treatment,  when  cold  its 
fii  or  taiacitj-  increases ;  and  it  may  be  taken  at 
^int,  when  it  will  require  a  far  greater  weight  to 
I  h,  than  if  it  ivere  hammered  either  more  ot  less. 
I  the  experiments  yet  published  relative  to  the  tena- 
f  iron,  and  the  other  metals,  uic  on  this  account  ver^- 
l^ve.  The  writer  of  dils  articL-  has  seen  an  iron 
when  newly  annealed,  bi-cak  with  a  weight  of  50 
ads;  but,  after  being  drawn  tlirough  two  holes  of  a 
plate,  bear  above  twice  tliat  weight,  without  sustain- 
injur)'.  Iron,  when  properly  annealed,  will  bear  more 
lii^  back\vards  and  foni'ards  before  it  breaks,  than  in 
otlier  state  :  but  the  strength,  or  ihat  power  which 
ts  a  weight,  excited  longitudinally  to  break  it,  is  joint- 
the  last  propertj"  and  its  hardness.  Hence  the  reason 
hs  strengdi  is  increasal  wiUi  a  certaui  degree  of  liam- 
ng.  The  specific  gravity  of  malleable  iron,  accord- 
to  Brisson,  is  7,788  ;  that  of  pig-boii  being  7,207. 
in  a  state  of  purity,  requires  so  gieat  a  hi,-at  for  its 
[>n,  lliat  die  best  crucibles  are  nearly  ready  to  melt 
it.  It  has  however,  been  fused,  and  cast  into  an  in- 
It  is  said  to  liquify  at  158^  of  VVedgcwood-     Its 
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malleability  is  greatly  incirased  by  heat 
it  to  a  very  high  temperature,  it  becomes  exceedingly  soft, 
and  may  be  brought  so  near  to  absolute  contact  withaito- 
ther  piece  similarly  heated,  that  they  unite  firmly  together. 
This  process  is  called  welding.  Its  great  affinity  for  oxj- 
gen,  when  heated  to  a  welding  point,  would  very  soca  re- 
duce it  to  an  oxyd,  if  it  irea-  not  for  the  vitreous  maiaa 
iiising  upon  its  surface*;  aiid  it  may  be  still  more  coBi> 
pletely  defended,  by  dipping  it  in  powdered  glass  or  sanA" 

When  pig-iron  hiis  undergone  either  the  process  ofdlt 
bloomerj-,  puddling,  or  refinerj-,  to  dissipate  the  ftvdgn 
mixtures  which  the  crude  iron  contained — to  reduce  or 
bring  to  a  metalline  state,  the  particles  imperfectly  metil- 
lized  in  the  furnace — and  to  bum  away  tlie  supeiQuous 
quantity  of  carbon  or  charcoal  which  crude  iron  always 
contains  in  some  part  or  particle  of  it — tlie  metal  becomes 
less  fusible,  and  is  carried  under  a  tilting  hammer,  10  bc 
beaten  while  red  hot :  this  process,  frequently  repoted 
during  the  period  of  refining  the  crude  iron  into  malleallfc 
iron,  has  two  principal  effects : — 1st.  It  squeezes  out  and 
separates,  in  the  form  of  slag  and  scoria,  all  those  partides 
which  have  not  been  perfectly  metallized,  and  which  thae- 
forc  do  not  unite  with  the  particles  that  have  been  perfect- 
ly metallized. — 2d.  It  giies  to  the  iron  a  loi^tudiml 
grain,  and  very  greatly  increases  its  tenacitj'.  When  it 
appears  to  have  thus  gained  the  properties  of  malleable 
iron,  it  is  beaten  into  bars,  and  is  read)'  for  market  as  Bar- 
Iron.  The  loss  of  weight  in  this  process  obviouslr  cte- 
pends  on  the  qualities  of  the  pig  iron  employed. 

In  this  country,  tilt  hammers  are  universally  osed  fix 
drawing  the  iron  out  of  the  loops  into  bars.  In  Enghnd 
they  are  almost  exploded.  The  work  is  done  by  means  ol 
cast  iron  rollers  :  for  which  purpose  (I  betteve)  tlie  lu<ublc 
smootii  faced  pig  iron,  No.  1,  is  tlie  best ;  though  (he  gny 
Cast  iron  is  commonly  used.     In  casting  the  rollers,  Ae 
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greater  weight  they  are  subjected  to,  the  denser  and  better 
ibqr  are :  fir  this  purpose  thqr  are  usually  cast  with  a 
nedL  of  half  their  wei^t  of  superfluous  iron,  which  b  af- 
terward cut  off,  having  served  as  a  superincumbent  weight 
to  the  roller  itself  for  the  puipose  of  condensing  it.  They 
liCthen  turned  in  a  lathe.  My  fiiend  Mr.  P.  who  was  for 
Ipro  jrears  a  manager  atMr.  John  Wilkinson's  iron  works 
ttBroseleyin  Shropshire,  told  me  that  the  experiment  of 
■uhstituting  rollers  for  tilt  hammers  in  the  manu&cture  of 
bars  for  nail  rods,  was  made  at  Broseky  somewhere  about 
Ae  year  1790 ;  and  that  the  same  power  that  produced 
7S  ton  of  nail  rods  per  week  by  means  of  hammers,  pro* 
^300  tonwhenappUedtoroUers. 
<;  Malleable  iron  thus  produced,  has  the  fallowing  pro* 
perties. 

It  is  a  metal  of  a  bluish  white  colour :  it  is  capable  of 
a  brilliant  polish :  it  has  a  sQ^tic  taste,  when  applied  to 
die  tongue :  it  has  a  perceptible  odour  when  rubbed :  its 
qiecific  gravity  varies  from  7,  6.  to  7,  8,  the  specific  gra** 
vity  of  cast  iron  being  about  7, 2 :  its  specific  gravity, 
its  tenacity,  at  >d  its  fibrous  texture,  are  increased  by  cold 
bammering,  rather  than  by  hammering  while  hot :  it  b 
magnetic :  I  do  not  know  diat  any  other  metal  isequally 
io,  (steel  excepted,)  although  symptoms  of  this  property 
have  been  observed  in  nickel,  and  by  Mr.  Cavallo  in 
brass.  It  has  been  suspected  that  this  magnetic  appear- 
ance has  been  owing  to  some  small  portion  of  iron  being 
mixed  as  an  impiui^  with  the  metal^in  question ;  al- 
dioug^  the  experiments  of  Beigman  and  Thenard  seem 
clearly  to  endow  nickel  with  this  property :  when  iron  is 
well  made,  and  hammered  both  hot  and  cold  to  a  proper 
point  (which  may  be  exceeded)  a  wire  of  tvIv  of  an  inch 
in  <Uameter  will  sustun  a  weight  of  549  l-41b :  it  may  be 
iiised,  according  to  Sir  Gea  Mackenzie,  at  158^  of 
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Wedgewood's  pyrometer.^  Iron,  andplatina,  ate  Aeody 
metals  hitherto  known  that  are  capabk  of  being  wdM; 
that  b  when  two  pieces  of  iron  are  brought  to  a  white  heat 
and  placed  one  upcni  the  other  and  straigly  hammeied^ 
they  become  covered  with  a  kind  of  metallic  varmshyand; 
may  be  perfecdy  united :  iron  when  hot  strongly  attncb 
the  oxygen  or  pure  mr  of  the  atmosphere,  and  putsoB.^ 
blackish  blue  appearance  as  in  finery  cinder,  and  sniiAf 
slack  :  these  scales  can  be  i^n  changed  into  maUeaUeil 
iron  by  being  treated  with  charcoal,  which  unites  nidi 
the  oxygen  and  leaves  the  iron  :  thin  plates  of  iron  niqr 
also  be  blued  by  heat  without  exposure  to  air :  wiien  ex- 
posed without  heat  to  the  air  and  to  moisture,  it  is  daaag* 
ed  gradually  i^to  rust,  which  is  either  ircm  united  to  oxy«'^ 
gen,  or,  as  I  rather  belkve,  to  the  carbonic  acid  of  die 
atmosphere,  which  exists  in  the  atmosphere  in  greater  pro- 
portion than  is  usually  suspected.  By  heating  it  widi 
charcoal,  this  rust  also  can  be  reduced  to  malleable  inxu 
At  a  full  red  heat,  iron  is  capable  of  decomposing  water, 
uniting  with  the  oxygen,  which  forms  one  component 
part  of  water,  while  hydrogen  or  inflammable  gas  which 
forms  tlie  other  component  part,  is  set  fi^ee.  The  iron  in 
tins  process  is  reduced  to  the  bluish  black  oxyd  of  iron 
exactly  similar  to  finery  cinder  and  smithy  slack.  Mr. 
Watt,  of  Birmingham,  told  me  some  years  ago,  that  iron 
at  a  white  lieat,  would  greedily  attract  and  decompose 
water,  if  the  air  in  the  place  were  at  all  moist  These 
are  the  piincipal  properties  of  the  metal  iron  when  pro- 
duced by  means  of  the  processes  I  have  detailed. 

*  The  highest  pmnt  to  which  I  was  ever  able  to  raise  an  aif 
fiiniacc  with  afuel  of  coke,  was  172*  of  Wedgewood,  at  which  heat, 
grains  of  crude  phtina  agglutinated  but  <!Ud  not  melt ;  I  have 
themstillby  mein  a  lump  of  about  an  1  l-2oz.  weight*      T.  C. 
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ISCELLANEOUS  ESSAYS  RELATING  TO  IRON. 

he  Kind  ofAir-Fumaces  employed  in  Iron  Foundries 
r  casting  large  pieces  of  Ordnance ^  Sliajts  fir  Mdlsj 
ylindersy  dnd  other  heavy  Articles.  Bij  Mr,  David 
[T7SH£T,  qfthe  Colder  Iron  Works.     15  Ph.  Mag, 

HE  furnaces  about  to  be  described  are  employed 
melting  pig-iron  with  the  flame  of  pit-coal.  Fur- 
s  of  this  kind  are  cpnstructcd  of  various  sizes  ac- 
ing  to  circumstances.  The  small  sizes  will  run  down 
\  seven  to  ten  hundred  weight,  and  are  used  in  small 
dries  for  what  the  trade  z^johbvig. 
ig.  1.  (Plate  IV.)  a  ground  plan  of  two  large  air-fur- 
s,  and  chimney  for  melting  pig  or  cast-iron  with  tlic 
e  of  pit-coal. 

he  letters  A  B  C  D  point  out  the  exterior  dimensions 
e  stalk  or  chimney,  which  is  first  crectcxi,  leaving  two 
lings  or  arches  into  whicli  the  fore-papt  of  tlie  furnaces 
ifterwards  built.  The  breadth  of  the  chimney  at  tlxe 
icular  place  which  the  plan  exhibits  is  16  feet  from  A 
i,  and  from  A  to  D  or  from  B  to  C  6  feet  6  inches, 
plan  is  drawn  at  diat  elevation  whax;  tlic  flame  cntei's 
chimney  by  the  flue  or  throat,  uiirrowed  on  purpose 
ii'ow  back  part  of  the  flame,  and  keep  tlie  furnace 
illy  hot  throughout,  as  may  be  more  particularly  ^■icw- 
n  the  vertical  section,  fig.  2. 

KE,  the   llirnace  b rirs  on  A\hich  the  coals  i*est  and 
R'  the  combustion  is  maintained. 
F,  oiKiiings  called  teasing-holes,  b}  which  the  coals 
intrcKluced  to  repair  the  fire. 

rG,  fire-brick  buildings  called  bridges.  TJicsc  are 
nt  to  concentrate  the  flame,  that  it  may  act  as  violent- 
n  the  metal  as  possible.  Upon  the  height  of  the 
Ige  much  depends  in  fusing  the  metal  speedil}%  and 
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w  ih  lit'le  loss.    The  height  of  this  may  be  sea 
vertical  m  ction,  fig.  2.  G. 

HH,  ;he  charging  d^ors,  by  which  the  metal 
ductd  in  the  shape  and  state  of  pig-iron,  lumps, 
&c.  Sec.  The  iron  generally  occupies  ihe  furnace 
to  I,  called  the  back  wall,  and  is  never  meant  to  a] 
tJje  bridi:e  nearer  than  the  dotted  line,  Icsl  the  metal  in  melU 
ing  should  run  back  into  the  grates,  in  place  <£  descending 
into  the  general  reservoir  or  cavity  below.  The  comers  or 
notches,  k,  h,  h,  h,  receive  a  stout  cast-iron  frame  lined  widi 
0e.bncks.  This  is  hung  by  means  of  a  chain  and  puU 
Xsy,  and  can  be  raised  and  depressed  at  pleasure.  Tter 
frame  is,  properly  speaking,  the  charging-door,  and  b  ^' 
ways  caretiilly  made  air-tight  by  means  of  mtusteDcd' 
sand. 

KK,  the  flues  or  openings  by  which  the  flame  eoten 
the  chimnej-.  These  are  15  inches  by  10.  On  tnaia. 
taining  these  openings  of  a  propordonate  size  to  the  otlxr 
parts  depend  in  a  great  measure  the  powers  and  ceconomy 
of  the  furnace. 

LL,  lading  doors,  by  which  ladles  are  introduced,  in 
the  case  of  small  furnaces,  to  lift  out  the  metal  and  distri- 
bute it  to  the  various  moulds. 

MMMM,  binding  bolts  to  limit  within  proper  boundl 
the  expansion  which  takes  place  in  the  building  wbentbc 
furnace  is  Wghly  heated. 

Fig.  2.  vertical  section  of  one  of  the  furnaces,  and  ib 
appropriate  stalk  or  chinjne)'. 

E,  the  grates. 

F,  the  tiasing-hole. 

G,  the  bridge. 
H,  the  charging  door. 
K,  the  fluf  or  opening  into  the  cfabnnej. 
J-,  the  lading  door. 
MM>  the  binder  or  binding  bolt. 
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N,  the  interior  of  the  stalk  or  diimney,  30  inches  square. 

OO,  the  fire  brick-work,  9  inches  thick. 

PP,  space  of  2  inches  for  stuiEng  with  sand. 

QQ,  common  brick  building. 

RR,  cast-iron  lintels,  over  which  are  thrown  double  9- 
inch  arches,  so  that  at  any  time  the  inferior  building  can 
be  taken  do^vn  to  make  repairs,  without  shaking  or  in  the 
least  injuring  the  chimnej-. 

S.  The  dotted  lines  here  are  meant  to  represent  what 
b  called  the  tapping-hole.  When  a  large  piece  of  goods 
is  to  be  cast,  lifting  the  metal  nnth  ladles  would  be  im- 
practicable.  A  sharp-pointed  bar  is  driven  up  this  open- 
n^.  The  iron  then  flows  freely  out  into  a  large  bason  of 
sand  made  for  its  reception.  It  is  then  conducted,  by  col- 
lateral channels,  into  the  mould. 

The  space  under  the  curved  dotted  line  from  G  to  L, 
by  S,  is  filled  witli  a  mixture  of  sand  and  ashes.  When 
the  furnace  is  prepared  to  melt,  the  whole  of  the  bottom 
recdvcs  a  stratum  of  sharp  clean  sand  about  two  inches 
thick.  This  is  broken  up  at  night,  and  fresh  sand  is  sub- 
stituted for  it  before  the  fire  is  kindled  in  the  morning. 

Fig.  3.  is  a  horizontal  section  of  the  chimney  or  stalk, 
taken  where  the  fines  assume  a  perpendicular  direction. 
The  letters  in  this  figure  correspond  to  those  in  the  vertical 
ttcaoa,  fig.  2.  The  height  of  the  chimney  ought  not  to 
be  less  than  45  feet :  if  50  feet,  the  effect  will  be  sooner 
and  of  course  better  produced. 

'      Remarks  upon  the  Melting  of  Iron  in  these  Furnaces. 
The  effect  wished  to  be  produced  in  au-  furnaces  is  the 
fusion  of  a  certain  portion  of  pig  or  cast-iron  for  the  pur- 
pose  of  being  poured  or  run  into  moulds  to  form  articles 
flf  almost  every  description. 
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The  preparation  previous  to  melting  is  as  follows : — 
After  the  bottom  of  the  furnace  is  laid,  and  smoothed 
with  fresh  sand,  and  all  the  openings  made  air-tight,  the 
fiimace-man  introduces  a  kindling  at  the  teasing-hole,  ac- 
companied with  new  pit-coal.  In  a  few  minutes  a  conskfc. 
table  volume  of  dark  flame  mixed  with  smoke  is  prodoc- 
ed.  The  fire  quickly  gathers  strength ;  more  coal  is  intriK 
duced  ;  and  the  furnace  now  becomes  filled  with  a  yellow, 
coloured  fl:unc.  By  continuing  this  operation  fw  an  hour, 
or  an  hour  and  quarter,  the  furnace  and  flame  will  have 
become  completely  white;  the  latter  steady,  and  at  tiims 
apparently  \\id)out  motion.  The fumace-man  now  jod^* 
es  the  bottom  to  have  been  sufficiendy  hardened  for  re- 
ceiving the  pig-iron  without  any  risk  of  sinking.  The 
charging-door  is  now  opened,  and  the  pig-metal  thrown 
carefully  and  i-egularly  upon  that  part  of  the  bottom  for. 
nieriy  described  as  being  appropriated  for  its  rcceptiOB. 
The  dooris  again  closcdand  made  air-tight,  and  tlieopen- 
tion  of  firing  continued  with  unremitting  care  and  attentioD. 

The  time  of  melting  depends  entirely  upon  thequanli- 
ty  of  metal  introduced.  'J'he  furnaces  described  above 
are  capable  of  melting  from  50  to  60  Iiundred  weight  rf 
metal  each,  and  when  there  is  a  moderate  circulation  cf 
air  they  will  jicrfurm  this  work  in  2  1-2  or  3  hours.  In 
half  an  hour  after  the  metal  is  introduced  it  assumes  i 
blackish  red  colour.  It  then  begins  to  brighten  widt 
ev^y  additional  fire,  and  in  about  one  hour  appears  x^Stf 
and  begins  to  lose  sliape,  and  resemble  a  wreath  of  snow. 

An  eye  accustomed  to  such  heats  will  now  discern  die 
metal  beginning  to  di^p,  and  run  down  the  inclined  plaie 
in  very  beautiful  streamlets  resembling  quick  dlVer. 
Eight  or  tai  of  these  are  visible  at  a  time,  and  after  pro- 
ceeding half  Avay  down  begin  to  form  junctions  with  each 
other,  and  flow  connected  into  the  general  cavity  or  lescr- 
voir.    By-and-by  iWs  becomes  filled,  and  literally  feme 
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a  beautiful  molten  miror,  in  wluch  sometimes  part  of  tiie 
interior  furnace  is  reflected. 

The  furnace-man,  by  searclung  at  the  bridge  with  his 

fire-iron  or  teaser,  judges  when  die  metal  is  nearly  all 

I  gone.    Of  tills  he  iscertain  by  looking  up  from  the  peep* 

«  hole  of  the  lading-door.    If  ti^  streamlets  of  the  running 

metal  have  ceased,  tiien  the  whole  is  melted,  and  ready 

far  running  out. 

In  the  operaticm  of  melting,  the  three  following  circum- 
stances ought  to  be  particularly  attended  to :  tl^  thinness 
or  hotness  of  the  metal ;   tiie  waste  or  loss  sustained  in 
:    melting;  and  the  quantity  of  coals  employed. 
1^    Tl^  first  b  of  the  utmost  importance,  as  many  articles 
Plii  the  foundery  business  require  the  metal  in  a  state  of  the 
greatest  division ;  othemnse  they  will  be  found  imperfect 
Khen  taken  from  the  sand,  and  unfit  for  sale.    The  fur- 
nace-man, therefore,  b  always  on  the  watch  to  replace  the 
fire  as  it  decays,  and  keep  a  large  and  sharp  volume  of 
flame  constandy  passing  over  the  metal. 

The  waste  or  loss  of  real  metalb  also  an  object  of  great 
importance.  Tlus  always  bears  a  relation  to  the  quality 
of  tiie  iron,  the  strength  and  cleanness  of  the  coals,  and  the 
judgment  and  attention  of  the  melter.  Strong  iron  is 
fiiund  always  more  difficult  to  fuse ;  this  necessarily  ex- 
poses it  for  a  long  period  in  contact  with  the  flame.  The 
reverse  happens  with  metal  that  b  more  fi:*agile,  and  easier 
broken  in  the  pig.  The  length  of  the  exposure  in  fusing 
depends  on  this ;  and  other  circumstances  being  alike,  the 
loss  CK  waste  of  metal  will  also  be  in  the  same  ratio. 

There  are,  however,  otiier  facts  not  unworthy  of  notice. 
No.  I.  pig-iron,  or  richly  carbonated  metal,  when  run 
firom  an  air-fiunace,  will  be  found  in  pcnnt  of  quali^  litde 
better  than  No.  II.  or  carbonated  iron.  Thb  is  owing 
Id  a  quantity  of  its  carbcm  being  destroyed  during  the  fu- 
sion.   The  loss  in  melting  No.  I.  iron,  therefore,  chiefly 
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consists  of  carbon ;  and  the  deficiency  of 
ver,  with  a  clean  bottom,  to  exceed  1  cwt.  in 

Carbonated  or  No.  11.  iron  also  becomes  deprii 
a  considenJjle  portion  of  its  carbonaceous  mixture 
sion  ;  and  tvhen  run  from  the  air-furnace  is  seldom 
than  No.  III.  metal.  The  loss  sustained  in  meltii 
be  averaged  at  7  1-2  per  cent. 

No.  Ill,  pig-iron  is,  after  melting  in  an  air- 
found  whitish  or  motded.  It  is  seldom  susceptible  of  Ae 
same  nice  degree  of  division  as  the  superior  qualities,  and 
loses  in  fusion  a  much  larger  proportion  of  metal,  seldoa 
under  10  per  cent,  and  frequendy  12  1-2  or  15. 

The  quantity  of  coals  requisite  to  melt  a  given  quanti> 
ty  of  iron  is  various,  as  much  depends  upon  the  quati^ 
and  fusibility  of  the  metal.  If  the  furnace  goes  one  heal 
a  day  with  No.  I.  or  II.  iron,  the  quantity  of  coals  wiD 
be  from  20  to  25  cwt.  for  a  ton  of  iron.  If  two  or  three 
heats  a  day,  or  as  many  tons  of  iron  are  melted  at  ooe 
kindling,  the  proportion  of  coals  will  be  nearly  weight  fcr 
weight  of  the  iron  melted  when  the  coals  are  mixed  with  I 
fair  proportion  of  small :  with  strong  large  splint  coals,  cue 
ton  of  good  pig-iron  may  be  completely  reduced  widi  bxan 
12  to  15  cwt.  including  the  previous  heating  of  the  iiir- 
nace. 


^? 


\£acts  iUustrativeofthe  Shrinkage  and  Expansion  of 
,  Iron,  ^c.  Erfc.     By  David  Mushet,  Esq.  of  the  GnWf 
Iron  IVorks.     18  Ph.  Mag. 

THE  lugh  temperature  requisite  to  melt  cast  iron  bH 
prevented  the  ctiemical  and  philosophical  world  in  gene- 
ral from  becoming  acquainted  \vith  many  of  its  habitudes 
and  peculiarities  in  tlie  diffeient  stages  of  manufacture- 
Those  engaged  in  foundries  are  frequently  prevented, 
from  the  hurry  and  busde  which  attends  maoufactcrie^ 
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^^Bi  making  observatioiis,  and  acquire  no  habit  of  dctml- 
^Hp  them.  Others  again,  from  their  earliest  infancy, 
^Kk;  been  accustomed  to  observe,  that  certiun  appearand 
^B^  time  out  of  mind  to  them,  had  always  foUon-ed  cer- 
^^B  actions  perfenned.  They  acquire  a  laconic  Iiabit  of 
^Bsoning;  and  if  asked  how  such  appearances  are  to  be 
^^pounted  for,  their  answer  is,  *'  They  must  exist  so  and 
^^^it  is  in  die  very  nature  oS  the  thing." 
^^pt  is  difficult  to  conceive  a  more  ample  6etd  for  obser- 
^Mkm  than  an  extensive  foundry.  Combination,  change, 
^Heomposition,  combustion,  and  deflagration,  arectHistant- 
^^kerforming  their  respective  parts,  and  c(»itinually  pre* 
^^Bting  matter  under  new  and  interesting  appearances. 
^^Klementary  substances,  subject  to  no  real  change,  are 
^^pdified  in  a  variety  of  ways  by  the  alternation  of  heat 
^■d  cold.  The  laws  which  govern  these  arc  constantlj 
^^kted  to  produce  eiiects  equivalent  to  theexcitingcause; 
^^k  while  we  often  remain  heedless  spectat^^s,  these  un> 
^^Kig  operations  are  productive  of  phsenomena  which 
^H|uently  elude  our  sagacity  or  puzzle  our  judgment, 
^^nhe  subject  of  contraction  and  expansion  appears  sim- 
^^L  and  the  presence  or  absence  of  caloric  alone  in  the 
^Hj^  operated  upon  frequenUy  expliuns,  in  a  most  sattsfac- 
^Rr  manner,  the  whole  minutise. 

^H^ut  this  regards  only  the  heating  of  certain  substances 

^Htemperatures  short  of  fusing  them.     When  the  object 

^■experiment  is  exposed  to  a  heat  sufficient  to  fuse  it, 

^HSien  becomes  subject  to  new  laws  as  a  fluid,  and  cxhi* 

^Bp  phenomena  entirely  diSaent.     By  not  takine  the 

^^pnge  of  state  firom  that  of  a  soUd  to  afluid  into  the  ac 

^^Wtf,  some  uritcTs  have  given  an  awkward  and  uoaatis- 

Ihctoi^-  account  of  the  laws  which  regulate  iron  in  tl>ese 

two  diftti-ent  states.     Before  I  proceed  to  detail  some  ex- 

pdinients  made  upon  this  subjea,  I  shall  trace  out  die  dif- 

H  H 


S42  Iron. 

ferent  states  of  shrinkage  and  e^qpansion,  as  observed  in 
cast  iron. 

In  doing  this  I  shall  divide  shrinkage  into  two  disdnd 
operations :  1st,  Shrinkage,  properly  so  called,  when  a 
mass  of  iron  dinunishes  or  skrinks  within  itself,  and  would 
actually  displace  a  smaller  quanti^  of  water,  and  when  no 
degree  of  l^at  short  of  fusion  would  make  it  occupy  iH 
former  bulk  or  volume.  2d,  Contraction,  oc  that  diminu- 
tion of  superficial  measurement  which  any  body  undqr 
goes  by  evolving  its  caloric^  The  sur&ce  in  this  cas&ii 
never  injured ;  the  casting  will  be  found  less  than  the  pi^ 
tern  fh)m  which  it  was  formed,  and  simple  heatii^  wS 
restore  it  to  its  greatest  original  volume. 

The  former  of  these  properties  cannot  exist  without  the 
latter,  but  this  last  may  take  effect  in  full  f(xx^  in  manf 
minor  operations  without  any  appearance  of  shrinkage.  1 
only  say  appearance ;  for  I  believe,  abstractly  speakii^ 
the  one  never  takes  place  without  the  other,  though'insndi 
various  minute  degites  that  it  is  often  difficult  to  form  uj 
estimate  of  the  quantity. 

Li  casting  pieces  of  ordnance  we  are  enabled  to  judgt  of 
the  conjoint  effects  of  shrinkage,  contraction,  and  expuv 
jsion.  We  shall  suppose  that  a  gun  mould  of  any  givea 
length  is  filled  with  fluid  cast  iron  not  subject  to  toe 
laws ;  then  the  size  and  shape  of  the  gun,  when  coU, 
would  exactly  ccnrespond  to  the  dimensions  dl  the  mould, 
but  finding  that  the  piece  of  casting  was  consideraUy  al- 
tered, that  it  had  shrunk  interiorly,  was  dinunished  in  ponit 
of  length,  and  had  lessened  its  diameter,  we  must  sed^fir 
a  soMiticm  of  these  &cts  sn  the  explanation  of  the  causes 
respectively. 

First  assuming,  what  shall  be  hereafter  i»oved  by  direct 
exptrimcnt,  that  cast  iron  occupies  less  volume  when  fluid 
than  when  solid ;  that  in  the  act  of  the  arrangement  of  Ac 
molecuiae  towards  consolidation,  it  occupies  a  larger  bidk 


lan  at  any  odier  period ;  and  that  when  cold,  and  in  pro- 
cntion  to  the  absence  ^  of  heat,  so  will  the  volume  of  the 
letal  be  diminished. 

1st,  Then,  Shrrnkage  a]^)ears  to  be  dependent  upon  two 
nises ;  the  gravitation  of  the  fluid  metal,  and  the  expan- 
on  of  the  mould.  The  latter,  I  conceive,  acts  a  very  pow- 
ful  part:  the  immense  quantity  of  calc^ic  combined 
ith  the  iron  is  in  part  easily  and  almost  instantaneously 
mimunicated  through  the  sand  to  the  inm  box :  thife 
ncates  a  disposition  to  expand,  in  which  it  is  greatly  as- 
sted  by  the  great  pressure  of  fluid  iron.  That  portion 
r  the  metal  in  contact  with  the  interior  of  the  mould  is 
le  first  to  lose  its  fluidity,  and  is  acted  upon  and  forced 
I  give  way  in  the  same  ratio  of  expansion  before  the  sub- 
\  and  denser  fluid.  The  diameter  c^the  shell  of  the  gun 
at  this  period  increased  in  every  part ;  the  fluid  iron  in 
le  interior  descends  to  occupy  the  enlarged  space,  and  the 
sid  of  the  gun  presents  an  increasing  chasm  like  the  con- 

*  ■  - 

ive  of  a  sand  gla$s.  In  proportion  as  the  cast  irott^ 
»hres  itself  into  a  solid,  a  diminution  of  pressure  sh< 
ke  place  upon  the  mould :  this  would  inevitably  follow, 
ore  not  its  force  replaced  by  the  increased  volume  of  the 
netal  passing  into  a  solid  state,  which  is  equivalent  to  that 
iir  which  I  have  termed 

2d,  Rxpansxon.  Of  the  extent  of  this  operation  we 
ay  judge  from  the  following  facts : — All  patterns  of  cast- 
gs  are  made  somewhat  lai^r  than  the  piece  of  goods  is 
ished  to  be  :  in  common  cases  l-8th  of  an  inch  to  the 
ot  is  allowed,  but  in  many  cases  the  allowance  will  be 
airly  3.16ths  of  an  inch.  In  the  case  of  the  gun,  there- 
fe,  the  mould  would  be  plus  the  allowance  upon  the  pat- 
m  what  space  was  gained  by  beating  the  pattern  to  loose 
finom  the  sand,  and  all  the  extra  space  acquired  by  the 
creased  volume  of  the  consolidating  iron.  These,  taken 
ilkctively,  m^  amount  to  1.4th  or  5-lOths  of  an  indi ; 
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and  so  much  less  will  the  diameter  of  the  gun  be 
wJien  cold,  to  what  it  would  have  measured  at  the 
of  its  expansion. 

3d,  Contraction  immediately  takes  place  of  the  mebl 
ceasing  to  expand  :  to  its  effects  arc  chargeable  the  rcdu^ 
tion  of  the  increased  diameter  of  the  gun,  and  which  seems 
mwelj'  in  consequence  of  the  escape  of  the  caloric. 

The  action  or  effect  of  these  separate  laivs  will  intimate- 
ly depend  upon  the  quality  and  fluidi^  of  the  metal : 
■with  the  same  quality  of  iron  different  effects  will  be  pro- 
duced according  to  the  division  of  the  fiuid,  and  with  the 
same  degree  of  division  in  the  fluid  the  extent  of  the  ope- 
ration of  these  laws  will  be  different  with  the  different  quali- 
ties of  crude  iron.  Soft  cast  iron  very  hot  will  shrink 
and  contract  less  than  iron  equally  hot  but  of  a  bankr 
quahty,  or,  which  is  the  same  thing,  than  iron  containing 
less  carbon. 

In  casting  cylinders,  pipes,  and  other  hollow  maclunoy, 
itftt  effects  of  expansion  and  contracdon  are  maiuibtej 
^Rhout  any  great  degree  of  shrinkage  appearing. 

The  diameter  of  the  mould  in  all  these  castings  b  gene- 
,-  made  from  l-8th  to  3-16ths  per  foot  in  dtametcrbr- 
ger  than  the  casting  is  wished  to  be  ;  while  the  space  ct 
vacuity  left  bet«ixt  the  exterior  and  interior  of  the  mould, 
tailed  the  thickness,  is  made  less  than  the  strength  in  me- 
tal  is  wished  to  be. 

When  the  cylinder  is  cold,  however,  the  diameter,  il 
properly  allowed,  wU)  be  found  correct  by  the  openitiai 
of  contraction  in  cooling ;  nhile  the  thickness  in  metal  wiB 
be  found  increased,  though  still  correct,  by  an  expoosioa 
or  separation  of  the  exterior  and  interior  parts  of  the  moald. 
This  last  is  by  the  moulder  called  straining ;  and  if  gnat 
e  b  not  taken  to  compress  the  sand  firmly  round  about] 
Ae  mould,  the  thickness  is  sometimes  increased  so  muchl 
J  to  render  the  manufacture  unsaleable.    Should  this' 
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acoessaiy  precaution  be  sUf^tly  performed,  aadthetluck- 
WS6  ccmsidsxably  incrcased,  the  usual  expansion  wlucb 
takes  place  when  the  metal  psuiaes  intp  tibe  solid  state  be* 
comes  80  extensive  astoeffbctapenftuient  increase  of  the 
diameter  of  the  castiiigt  and  destroy  its  use*.  The  united 
efl^ts  of  these  two  causes  force  the  sand  to  assume  «i  ele- 
vated posture  all  round  the  mould,  and  occasicm  violent 
rents  and  fissures,  which  become  immediatrly  filled  wiA 
pale  blue  flame,  accompanied  by  a  crackling  noise  like 
Ae  mmppiog  of  dectric  matter. 

Shrinkage  in  these  castings,  particularly  if  large,  would 
a&ct  the  scdidity  of  the  vessd  by  taking  place  to  a  cona- 
derable  extent  upon  the  upper  sur&ce^  immediately  where 
the  runner  discharges  the  metal  into  die  mould.  This  b 
in  a  great  measure  counteracted  by  feeding  these  gates  or 
runners^  after  the  mould  is  filled,  with  several  ladles  full  of 
fluid  iroQ,  and  keepiii^  the  communication  open  to  the 
edge  of  the  casting  by  moving  small  iron  rods  up  and 
down  in  the  gate.  The  metal  is  thus  allowed  to  percolate 
into  the  chasm,  if  any  is  formed,  and  prevents  any  bad 
consequences  likely  to  ensue  firom  the  general  shrinkage 
of  the  mass. 

It  IS  impossible  to  omvey  an  exact  idea  of  the  extent  or 
quantity  of  shrinkage  that  takes  place  in  castings,  or  pro- 
portion it  to  the  weight  or  dimensicms  <^  the  original  mass. 
The  subject  of  contraction  is  nux^e  within  the  reach  of 
measurement,  and  in  many  cases  may  be  ascertained  with 
great  precisicHi. 


*  The  additional  thickness  always  takes  place  to  the  exterior  of 
die  mould.  The  pressure  can  more  easily  act  with  effect  against  the 
concave  than  the  convex  adde  of  the  mould.  The  moulder  is 
fuUy  aware  of  this  in  the  act  of  cooling,  particularly  If  the  metal  has 
very  hot  and  of  a  sharp  quality.  After  he  oooceives  the  iron 
conadidated  throughout,  he  cuts  two  opemngs  at  least  in  the 
core  or  interior  part  of  the  mould,  and  penetrates  to  the  red-hot 
surfiice.  This  gives  acope  to  the  contracdon  of  the  vessel,  and 
preserves  tbe  caating  frequently  from  bebft  totroycd. 
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The  following  bomb-shell  gauges  were  cast  fix>m  veiy 
clean  wood  patterns ;  the  breadth  of  metal  in  the  hoop 
was  exacdy  1*250  inches,  and  the  diickness  *450  inch. 

Diameter  of  Patterns.^      Diameter  when  cast.        CoDtractioib 

1st  Pattern  7*500  inches.    7*350  inches.         *150  inch. 

ad 5*950  5*850  -100 

3d 5-500  5-430  -070 

4th 4-550  4-490  -060 

5th 4-060  4020  -040 

The  relative  proportion  of  contraction  to  the  diameten 

wH  be  as  follows : 

'Contraction  of  No.  I.   -iSy  equal  to  l-50th  of  the  diameter. 

II.    -10,  1-594 

III.    -07,  1-78^^ 

IV.  -06, i-rs^-VW 

•  V.    -04,  1-10C4 

It  will  be  seen  from  thistable,  that  the  quantity  of  coo- 
traction  is  in  a  due  relation  to  the  diameter  of  the  casting: 
No.  IV.  seems  an  exception^  however,  and  appeals  to 
have  shrunk  more  in  proportion  to  its  diameter  than  the 
other  four.  This  may  with  safety  be  laid  to  the  score  oC 
error  in  the  moulding.  In  casting  flat  surfaces,  the  de« 
gree  of  contraction  is  in  a  just  proportion  to  the  length  of 

the  article. 

Inches. 
A  front  pattern  of  polished  tin  measured  exactiy  24*5 
When  cast  of  soft  grey  iron,  and  cold,  measured  24*250 

Contraction  *25 

Equal  to  l-98th  part  the  length  of  the  pattern ;  the  hd|^ 
of  which,  or  rather  breadth,  was  20  inches ;  its  thickness 
a  quarter  of  an  inch. 

The  contraction  of  two  ash-grate  patterns  was  asoer* 
tained  as  follows : 

First  pattern  measured  in  length    -         1 8*250  inchesi 
When  cast  in  soft  iron        -        -  18-035 

Contraction      *215 
£qual  to  ^84rr9^¥asl1aD»^fix^Q£the|Jatt^ 
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Second  pattern  measured  in  length    -        11*  100  inches. 
When  cast  in  soft  iron        -        -  10*975 


Equal  to  l-88A'oth  part  the  length  of  the  pattern. 

The  breadth  of  No.  I.  was  11  inches,  that  of  No.  Bk 
Si  inches  ;  the  thickness  in  both  was  *475  inch. 

I  shall  now  fiiush  this  paper  with  some  experiments 
made  upcm  the  casting  of  cannon  shot.  This  operation 
is  performed  by  pouring  the  liquid  iron  into  a  mould 
which  is  divided  into  two  semi-spheres.  The  mould  is 
possessed  of  a  joint,  which  preserves  the  sphericity  of  the 
shot.  It  is  formed  by  careful  turning  to  gauges  made 
with  great  care  and  exactness.  This  operation  exhibits 
very  distinctly  the  laws  of  shrinkage,  contraction,  and  ex* 
pansion ;  and  from  it  I  mean  to  prove  the  truth  of  what  I 
only  before  assumed :  1st,  that  cast  iron,  when  fluid,  is 
flben  more  dense  dian  in  any  other  state :  2d,  That  imme- 
diately upon  its  passing  from  the  fluid  to  the  solid  stat^ 
it  acquires  its  greatest  volume ;  and  3d,  That  when  cold, 
and  always  in  proix)rtion  to  the  absence  of  heat,  so  will  be 
the  diminished  diameter  of  the  shot. 

To  prove  that  cast  iron  is  denser  in  the  fluid  state,  se- 
Teral  pieces  of  iron  may  be  put  into  a  ladle,  and  hot  fluid 
iron  poured  upon  them ;  they  will  immediately  rise  to  the 
surface,  and  expose  a  considerable  portion  of  their  bulk 
above  the  surface  of  the  liquid  iron.  This  buoyancy  di- 
roimshes ;  aitd  as  the  pieces  of  metal  approach  more  and 
more  to  the  state  of  fusion  that  exists  in  the  ladle,  they 
gradually  sink  till  they  disappear  entirely  imder  the  sur- 
fece ;  they  then  rapidly  dissolve,  and  form  a  part  of  the 
fluid  iron. 

Melted  cast  iron  supports  also  lead  and  tin  in  the  same 
manner ;  but  these  soon  become  dissipated  in  the  great 
heat  of  the  fluid. 
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If  a  6-poundcr  shot  is  placed  in  the  bottom  of  a^ 
pounder  mould,  or  of  any  size  I^irger,  and  hot  melted 
metal  poured  in  till  the  mould  is  filled,  apparently  a  per- 
iect  shot  b  formed ;  but  a  few  blows  upon  the  upper  part 
of  the  sphere,  around  the  gate  or  runner,  detect  the  sur- 
face of  the  small  shot.  The  thickness  of  the  'uoa  hoe 
will  not  exceed  1-lOtliof  an  inch,  while  the  bottom  thick- 
ness will  be  nearly  a  full  inch  ;  and  if  the  mould  exceedl 
in  diameter  that  of  a  12-pounder,  the  inequality  of  tlnck- 
ness  is  greater,  It  is  evident  from  this,  that  six  pouuk 
of  fluid  iron  float  six  pounds  of  solid  iron  in  the  state  of  a 
sphere.  That  this  property  is  permanent,  may  be  fuitba 
understood  from  a  continuation  of  the  same  experiment 
If  a  short  allowance  of  time  is  made  after  the  mould  is 
filled  under  the  above  circumstances,  and  this  dexterous- 
ly inverted,  a  fair  inclosure  will  be  found,  possesang  re- 
gular and  equal  thickness  of  tiew  metal  on  all  sides  of  dn 
minor  ball. 

This  is  easily  accounted  for  upon  the  same  prince. 
When  the  mould  was  full,  the  ball,  as  usual,  occo- 
pied  its  place  near  the  nmner.  The  iron  first  run  into  die 
mould,  meeting  with  the  greatest  d^ree  of  cold,  woidd 
immediately  consolidate  upon  the  bottom:  when  lU' 
mould  %vas  inverted,  the  ball  would  naturally  tend  to  efc- 
vate  itself  to  what  was  formerly  the  bottom  of  the  mould; 
but  its  progress  would  be  arrested  by  that  portion  of  tht 
iron  now  become  a  solid,  and  would  remain  stationaij, 
more  or  less  central  in  proportion  to  the  fitness  of  the  mo- 
ment taken  to  perform  the  operation. 

That  cast  iron  occupies  a  greater  bulk  of  volume  hiv 
mediately  after  it  passes  into  the  state  of  a  solids  may  be 
learned  from  observation  as  well  as  direct  experiment 
If  a  shot-mould  is  carefully  separated  at  a  certain  period 
after  filling,  a  metallic  crust  is  formed,  mme  or  less  thick, 
wluch  is  the  natural  progress  of  ctmsolidation,  but  whicli 


is  at  present  an  envelope  to  a  ccmsiderable  pordon  of  fluid 
contents.    In  tMs  state  tbe  expansicm,  if  any  has  taken 
{daoe  in  the  shot  and  mould,  b  nearly  the  same ;  the  for.* 
mer  is  eadly  extracted  ^m  the  under  and  upper  parts 
of  the  latter.    In  about  two  minutes  after,  however,  the 
expansion  of  the  shot  is  more  rapid  than  that  of  the  mould ; 
and  at  this  period  is  difficult  to  disengage*    As  the  heat 
IB  Gommunicated  to  the  mould,  its  dimensions  enlarge,  and 
die  extraction  of  the  shot  b  attended  with  less  violent  e& 
forts.    The  mould  b  always  filled  by  the  shot  till  cooling 
has  so  &r  taken  place  as  to  reduce  the  shot<^mould  to  its 
fixmer  diameter.    Beyond  tlus,  however,  the  shot  still 
continues  to  lessen  its  bulk,  so  that  when  cold  it  will  be 
found  to  have  left  its  mould  by  nearly  l-66th  part  of  its 
£aineter.    In  all  cases  where  shot*moulds  are  re->filled  be« 
five  they  have  contracted,  by  cooling,  to  their  original 
jfiameter,  their  product  in  shot  will  be  various  as  to  du 
jnensions.    The  eflfects  of  thb,  particularly  in  summef^ 
mt  inconcdvable,  and  though  seldom  adverted  to,  will 
account  often  for  shot  being  rejected  as  unserviceable  for 
not  pasmig  the  gauge.     This  subject  I  at  one  time  paid 
.particular  attention  to,  and,  to  ascertain  the  fact  rigorously 
tiiade  tbe  following  experiments : 

I  adected  seven  pairs  of  shot-moulds,  Well  seasoned,  of 
Ae  following  ^es,  3,  4,  6,  9,  12,  24,  and  32-paunders« 

cast  or  filled  with  tbe  same  quality  of  iron  three 
M  successively.     The  first  interval  of  pouring  was  teil 
miontes,  and  t}ie  second  fifteen  minutes. 

Measured.  Weighed* 

Inches.  Lbs.    %*&« 

S-pounder  shot,  1st  Cast  2-724  2  6Q|5 

2d 2-730  2  6031 

3d.— 2-736  2  6070 

4.pounder  shot,  Isl— — i3-036  3  6125 

2d  ^.^r-  3-054  3  6S34 
I  I 
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3d- 

d-pounckr  shot,  Ist 

ad- 

3d- 

9-pounder -shot,  1st' 

2d- 
3d 

12<pounder  shot,  1st 

2d- 
3d- 

24-pounder  sboti  1st 

2d 
3d- 

32-pounder  shot^  1st 

2d 
3d- 


3-087 

3 

6369 

3*240 

5 

4813 

3-240 

5 

5031 

3;290 

5 

5250 

4-032 

8 

5906 

4-050 

8 

6016 

4-090 

8 

6236 

4-440 

11 

5250 

4-444 

11 

5480 

4-512 

11 

5781 

5.556 

23 

3830 

5-574 

23 

4485 

5-666 

23 

5690 

6.114 

31 

5380 

6-156 

31 

6348 

6.268 

32 

1530 

Upon  this  table  I  have  only  to  remark,  Aat  theratbif 
eSkctj  both  in  the  expansion  and  inccease  of  wei^ta^  k 
exactly  analogous  to  the  weight  or  diameter  of  the  fad^ 
or,  in  other  words,  to  the  mass  of  fluid  iron  poured  i 
the  mould.  When  the  last  round  of  pouring  was 
ed,  the  moulds  possessed  a  temperature  res^)ectiv^  to 
their  sizes.  The  32-pounder  mould  was  thorou^^y^ml- 
hot,  though  nearly  two  inches  in  thickness  and  wriglung 
140  pounds.  In  this  and  in  the  24-pounder  mouU  a  OH'- 
rious  species  of  adhesion  had  taken  place  in  tte  boUon, 
betwixt  the  shot  and  the  mould,  by  the  moulden 
burning.  When  the  bullet  is  lHX>ken  off,  the  mooU 
hibits  an  derated  spongy  mass  which  resists  the  hardest 
tempyed  steel. 

Al)put  twoyearsafier the  above  experiments  were  madc^ 
I  paid  particular  attention  to  the  efects  likely  to  be  pro- 
duced in  a  large  way  in  the  usual  train  of  manu&ctiiie. 
My  observaticHis  were  conducted  in  a  shop  apprajpriatcd 
for  shot-casting.    The  length  of  the  house  was  SO  fiett 
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breadth  16,  side  walls  8  fi%t,  with  a  pavilion  roof  of  die 
oommon  range. 

The  work  performed  here  was  the  filling  of  about  150 
pairs  of  moulds,  of  all  sizes,  three  times  each  day.  These 
occujned  the  floor  of  brick  in  different  ranges,  and  pre- 
sented a  very  large  aggregate  of  heated  surface  when  pour- 
ed. The  quantity  of  metal  thus  formed  into  shot  at  each 
cast  was  nearly  a  ton«  In  May  1796  the  average  tempe- 
rature of  this  woikshop  for  several  days  during  casting 
was  115^  Fabric  One  day  %r  q>irit-of-\vine  thermometer 
burst  in  my  hand  with  a  report  like  a  pistol.  Its  greatest 
range  of  scale  was  1209:  the  passages  betwixt  the 
moulds,  for  the  movements  of  the  pourers,  were  130^. 
In  all  these  extra  temperatures  I  uniformly  observed  that 
a  considerable  portion  of  the  shot,  particularly  in  the  third 
cast,  passed  die  gauge  with  difficulty,  and  many  of  these 
fwnd  unserviceable  for  carron^es,  where  the  windage  al- 
iDwed  upon  the  calibre  of  the  piece  is  less.  In  the  middle 
of  August  in  the  same  year,  during  a  period  of  very  hot 
dose  weather,  I  made  repeated  trials,  and  found  the  efi^ts 
always  propordoned  to  the  temperature  of  the  workshop. 
I  shall  fiiush  this  paper  with  the  particulars  of  one  day's 
observations. 

Temp,  of  RoonL 
Ist  Cast,  9  in  the  morning        -         -        65^ 
in  5  minutes  of  casting  rose  to      80 
*.\'  in  10  to    112 

in  15  to    128 

in  20  to    140 

Greatest  heat  in  35  minutes  being  three 
minutes  after  the  pouring  had  ceased,     156 
Efom  128  to  156^  I  fdt  a^nsation  of  odd  similar  to 
that  when  approachinga  fire  in  winter,  accompanied  by  a 
oonnkrahie  degree  of  shivering.    About  150  ^  this  sen- 
sation wore  off^  and  I  felt  comparatively  comfortatde.  Per- 
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spiralion  had  now  become  so  violent  as  to  ooze 
aU  parts  of  mj-  waistcoat,  breeches,  and  stockings.  The 
workmen  who  carried  the  metal  perspired  in  such  a  man- 
ncrasto  wet  their  large  sacking  trousers  as  if  they  had  been 
BOakcd  in  water.  The  moisture  ran  in  such  torrents  from 
dieir  faces  and  arms,  as  to  be  distinctly  heard  hissing  upon 
tlte  lieated  moulds.  Their  step  and  arms  were  iworc  agita- 
ted than  I  had  ever  before  observed,  and  the  sinews  all 
over  their  bodies  \vere  uncommonly  large,  and  felt  inflated 
to  a  great  degree.  Two  men  performtd  the  whole  labour 
of  pouring ;  so  that  each  of  them  bi  32  mbiutes  carried 
haUa  ton  of  metal  in  quantities,  in  hand-ladles,  from  forty 
to  fifty  pounds  each  time.  The  space  gone  through 
each  time,  the  return  with  the  empty  ladle  included,  was 
nearly  120  feet,  or  fully  equal,  upon  die  whole  travel,  to 
h4f  an  English  mile :  the  half  of  which  space  was  travers- 
e  1  with  a  ladle,  metal  included,  weighing  80  pounds. 
One  of  the  men,  immediately  after  this  operation,  emptied 
a  pitcher  of  spring  water  at  one  draught  which  I  estimated 
at  five  English  pints. 

The  phsenomena  of  the  2d  cast  were  not  so  marked. 
So  much  is  the  human  body  the  child  of  habit,  that  I  nti- 
thcr  felt  the  same  extent  of  sensation,  nor  remarked  it  upoo 
the  workmen,  although  the  dtermometer  maintained  it- 
self for  some  minutes  at  158".  In  the  afternoon  tlie  air 
began  to  circulate,  and  the  temperature  of  the  shop  became 
much  more  moderate.  Tiie  third  cast,  however,  sooa 
destroyed  this  pleasant  change,  and,  beforc  half  done,  the 
thermometer  rose  to  164°.  Still  the  workmen  seemed 
lo  suffer  less  than  in  the  morning,  except  on  the  legs. 
Most  of  the  ranges  of  large  moulds  were  throwing  off  die 
caloric  in  ruelle  undulations,  and  exhibiting  symptoms  erf 
approaching  redness.  The  smallness  of  the  shop  admit 
ted  only  of  2  l-2feet  of  passage  betwixtrange  and  mngc; 
which  made  dje  temperature  iof  this  spot  intolerable. 
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When  the  cast  was  finished  I  had  the  doors  and  windows 
shut.  This  made  the  real  state  of  the  moulds  visible. 
The  18,  24,  and  32-pounders  were  all  of  a  dark  glowing 
led  heat,  and  presented  an  arid  and  inhospitable  glare  with 
irittch  it  was  impossible  long  to  exist 


^mt  Account  of  the  ManufbeHire  of  Forged  Iron  Vessek^ 
at  Fromont.    By  M.  Ch,  Hersart.* 

The' operations  of  forging  vessels  of  cast  iron  may  be' 
^mded  into  three  distinct  parts :  1st,  the  method  of  forg- 
bgAe  plates;  2d,  that  of  foipng  the  cake  or  parcel;  3rd, 
4e  cold  hammering.  Of  these  we  shall  speak  in  tlie  or- 
der here  mentioned,  which  is  likewise  tlie  order  of  fabrica- 
tion. 

To  Forge  the  Plates. — The  iron  for  this  manufactory 
Bnwtbe  very  soft  and  malleable.  It  has  usually  the  form 
rfbars,  ten  or  twelve  feet  long ;  each  bar  having  the  form 
of  a  long  truncated  square  pyramid.  This  form  b  neces* 
•wy  in  order  to  obtain  plates  of  different  diameter.  The 
>iBaIl  base  is  a  square  often  lines,  Qr  twelflhs  of  an  inch, 
•od  the  greater  eighteen  lines. 

Hieaaustant  puts  one  of  these  bars  in  the  fire,  and  when 
Aelkated  part  b  ignited,  the  master  forgeman  cairies  it 
ttfte  small  tilting  hammer,  which  is  not  difierent  from 
^KiBeused  in  drawing  out  steel  bars.  He  places  the  bar 
on  the  anvil,  not  upon  one  of  its  faces,  but  on  an  edge,  as, 
in  diis  portion,  the  iron  is  less  subject  to  crack.  Accord* 
nigto  die  size  of  the  plate  intended  to  be  hanunered  out, 
Ae  workman  strikes  a  greater  or  less  portion  of  the  bar, 
ptscnting  it  in  all  situaticxis  to  the  hammer,  in  order  that 
Ac  plate  may  obtain  a  cut^ular  fonn.    Between  the  plate 


and  the  bar  itsdf,  be  fashions  a  small  ntck  to  facilitafee  i 
separation.  In  tliis  manner,  the  workman  continues  to 
forge  the  plate  on  both  its  faces  as  long  as  the  heat  allows, 
after  which  he  carries  the  bar  to  the  anvil,  and  iqipliei  * 
cold  chissel  to  the  neck,  upon  which  his  assistant  stribs 
in  order  to  separate  the  plate  from  the  bar.  This  last  ti 
then  returned  to  the  lire,  in  order  to  continue  the  (^eratkn 
in  making  a  second  plate.  Sometimes,  but  this  b  onljr 
when  the  plates  are  small,  the  wcrkmen  make  three  it 
once, 

When  a  sufficient  number  of  plates  has  been  thus  tsSjtt- 
cated,  as  diey  are  of  different  sizes,  namely,  from  three 
or  four  inches  diameter  to  a  foot,  the  workman  disposes 
them  b  parcels,  of  which  each  contains  four  of  equal  di- 
men^ontj,  and  then  carries  one  of  them  to  the  heartii  of 
the  furnace,  where  the  assistant  takes  them  in  the  la^ 
tongs,  Fig.  1,  PI.  VI,  and  puts  them  into  the  fire,  taking 
care  to  change  their  positicwi  often ;  and  «'ben  the  brass  is 
red  hot,  the  master  workman,  who  holds  a  small  pair  of 
tongs  in  each  hand,  carries  it  under  the  tilting  baramc^  ( 
^to  having  spread  charcoal  powder  between  the  platt^, 
to  pre\'ent  their  welding  tt^elher.  The  tu'o  pair  of  sniil;' 
tongs  have  the  form  of  Fig.  2  and  are  used  to  give  a  cir;f 
cular  motion  to  the  parcel,  and  to  keep  it  on  the  annL 
When  he  has  finished  hammering  it,  he  changes  the  tf< 
der  of  the  four  plates,  and  in  makuig  this  change,  be  h 
carefiil  to  take  notice  whether  any  of  them  have  cracked) 
and  where  he  perceives  any  crack,  he  applied  the  ooU 
chisel,  Qi  a  wedge  to  the  place  on  which  the  assistant  ghts 
a  blow. 

After  having  changed  the  ^tuation  of  the  pbtes  in  sudi 
a  manner  that  the  two  outside  plates  become  the  interior 
ones,  he  places  this  parcel  on  the  hearth,  and  takes  aoo- 
tber  »et,  which  the  as^stant  has  caused  to  be  heated*  mA 
be  subjects  this  tothesameoperauonoftfaelaiiuner.    In 
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18  manner  the  process  b  conducted  until  the  required 
nensions  are  obtained,  namely,  after  five  or  ax  heat- 
j;s.  He  then  places  the  plates  on  the  ground  to  cod ; 
1  when  cold,  hecutsthem  circularly  oneat  atime,  with 
t  large  hand-shears,  F^.  3. 

Tins  beii^  d(»ie,  each  facec^  the  plate  is  severally  co- 
«d  with  a  nuxture,  formed  of  the  oxide  of  lead  and  the 
ide  of  tin,  pulverized  and  mixed  with  a  little  water;  or, 
Head  of  thb  mixture,  clay,  diluted  in  water,  may  be 
ed,  as  I  have  seen  practised.  Either  of  these  will  pre- 
at  the  plates  fitim  welding  together,  and  for  that  pur- 
ee it  bthat  they  were  applied. 
Forging  the  Cake.  The  workman  takes  seven  plates 
the  same  size,  coated  as  before  described,  with  the  ox- 
t  of  lead  and  tin,  and  he  places  them  upon  each  other. 
bese  seven  being  placed  on  two  others  of  laiger  size, 
nstitute  what  b  called  a  cake,  which  is  put  into  the  fire 
means  of  large  t(»igs,  not  difiering  from  the  former, 
:cept  in  the  mouth,  or  claws,  which  are  rather  higher 
d  curved,  as  is  seen  in  Fig.  4. 

When  the  cake  is  red  hot,  the  assistant,  who  alwa}rs- 
)s  the  management  of  the  fire,  takes  it  to  the  edge  of  die 
ffnace,  where  the  master  workman  bends  the  two  large 
ate  in  (Miepart,  and  takes  up  the  cake  with  the  tongs 
ready  mentioned,  Fig.  2.  when  he  carries  it  to  die  anvil  of 
ftflmaU  forge  hammer,  in  order  to  bend  the  edge  of  the 
M  great  plates  entirely  round.  The  difference  between 
ft  dittneter  of  the  great  and  small  {dates,  b  about  two 
dies ;  when  thb  is  d(»ie,  he  puts  the  cake  again  into 
icfire;  and  when  red  hot,  he  carries  it  to  a  smaller  caking 
immer  than  that  used  before,  but  fixed  and  moved 
i  fkt  same  manner.  The  anvil  b  a  rectangular  paralld- 
^^^edon,  which  rises  above  the  ground  not  m(x«  than  one 
tt;  and  it  has  three  pieces  of  iron  bended  to  a  r^ht  an- 
le,  at  the  height  of  the  angle^  which  affxxJs  duee  branches 
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converging  towards  the  anvil,  and  serving  to  facilitate  tbt 
operation  of  moving  the  cake  during  the  work  next  to  br 
described.     See  the  plan  and  elevation  traced,  Fig.  10. 

The  workman  being  seated  before  his  hammer,  t^xt 
the  cake  with  two  small  pair  of  tongs,  and  gives  it  a 
tinual  circular  motion :  during  this  commencement  rf 
tiie  work,  he  hammers  h  only  on  the  edge,  after  which  fat 
ignites  it,  he  again  carries  it  to  the  same  hammer,  fira 
wetting  the  edge  of  tlie  plates  to  diminisli  the  heat  wbidi 
would  only  mcommode  him.  By  this  second  forging, 
he  carries  his  stroke  nearer  to  the  centre  still  continuiif 
the  circular  motion.  By  repeating  the  same  operatioi  a 
£ir  as  for  eight  times,  continually  approaching  the  cen- 
tre, the  edge  rises  every  time,  and  the  assemblage  of  pbta 
become  more  and  more  hollow.  Accordingly,  as  tliB 
figure  encreascs,  he  finds  it  necessary  to  change  his  tongt 
ibr  others,  which  differs  from  the  first  iii  the  elevatjoo  rf 
one  of  the  jaws,  and  the  extremity  of  the  handle.  Fig.  5. 
After  seven  or  eight  ignitions,  he  carries  the  cake  to  1 
kind  of  anvil,  the  form  of  a  figure  6,  where  he  hdds  il 
witli  small  tongs,  Fig.  7,  in  order  to  compkte  the  ad(^ 
which  is  done  by  the  workmen  hammering  insucces^l 
the  hammer  of  the  assistant  being  heavy  and  double-hand- 
ed, when  this  is  upon  two  at  once.  It  is  speedily  dcce^ 
and  followed  by  another  nearly  similar  on  tlie  bottom  rf 
the  vessel,  by  a  second  hammer,  placed  near  the  first, 
strikbig  on  a  kind  of  square  anvil.  Young  girls,  afia- 
Wards,  are  employed  in  scraping  the  bottom  with  an  iron 
rod.  Fig.  9.  One  foot  and  a  half  in  length,  terminating 
at  one  of  its  ends  in  a  flattened  small  termination  of  sted. 
After  this  is  done,  tlie  workman  takes  three  vessels,  oo( 
aAer  the  other,  and  presents  them  under  a  third  hammers, 
placed  near  the  two  first,  and  moved  like  tltcm  by  the 
same  arbor,  which  carries  a  small  tripping  wheel,  tnorcd 
by  water.     The  vessel  is  placed  on  the  anvil,  so  thi 


fcimnuT,  which  is  pointed  at  its  striking  extremity,  enters 

into  its  caviQr.     The  workman  holds  the  vessel,  and  shifts 

ks  position  with  his  hands  and  knees.      Every  stroke 

^ifae  hammer  leaves  a  slight  cavity  of  the  size  of  a  pea, 

which  forms  di&rent  designs,  according  to  the  motion 

IvUch  the  woricman  gives  to  the  vessel.     Tljese  outlines 

•Hie  i}ot  made  for  the  sake  of  beauty,  but  to  give  strength 

tel  firmness  to  the  vessel  by  hammerliardening  it.     The 

foung  g^,  afterwards,  take  the  vessels  and  scrape  the 

ipleiior  sides,  as  was  done  with  the  bottom ;  and  lastly, 

|||be  workmen,  on  two  kinds  of  anvils,  the  one  plain  and 

j^circular  for  the  bottom,  and  the  other  semi  cylindric  for 

^flie  sides,  completes  their  figure  with  a  wooden  mallet. 

cracks  sometimes  appear  in  the  vessel,  which  the 

>rkman  close,  and  the.  matter  is  suffered  to  cool ;  after 

dch,  the  cake,  which  now  has  the  form  of  a  tuencated 

is  carried  against  a  piece  of  iron  bended  two  ways. 

Tig.  8,  and  drove  into  the  wooden  block,  which  supports 

gudgeon  of  the  arbor  of  the  hammers.  This  doubly  re- 

^ed  iron  serves  to  ret^  the  cake  which  enters  under 

and  by  that  nieans  allows  the  small  tongs.  Fig.  7,  to 

twse  up  the  edges  of  the  two  great  plates,  which,  in  part, 

«vered  the  seven  small  ones.     This  being  done,  the  ves- 

'   ads,  or  hammered  pieces,  are  taken  out  from  within  each 

*  ledier.  The  first  is  always  perforated  on  account  of  the 
%  muediate  purchase  of  the  hammer,  and  that  of  the  air, 
;  nldeh  partly  converted  into  scales,  fall  out  by  the  imme- 

•  tliile  action  of  the  hammer.  As  these  vessels,  when  taken 
\  <Hit,  are  more  or  less  bended,  the  assistant  sets  them  to 
\  *i^t  by  a  few  strokes  of  the  hammer,  after  which  the 
[.  **aster  workman  cuts  their  edges  witli  the  shears. 

CM  Hammering  and  Jinuhmg. — After  the  vessels  are 

-  *ut  round,  they  arc  delivered  to  another  workman,  who 

,*4es  them  to  his  separate  shop  to  finish.     His  first  ope- 

i^ion  is  to  set  the  conical  surface  fair  by  means  of  a  small 

K  K 
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hammer,  upon  a  proper  tool.  The  workman  holds 
vessel  with  his  right  hand  with  his  small  tongs,  7 ;  and 
with^  left  hand,  without  tongs,  taking  care  to 
round  continually.  Sometimes  he  performs  tlus 
tion  with  a  stroke  of  the  hammer ;  and  the  complete  fiddi 
is  made  by  putting  the  edges  with  scissacs,  similar  to  iSuat 
befisre  described. 

The  furnace  made  use  of  is  a  simple  forge  furnace,  i 
the  fuel  b  charcoal  of  fir,  excited  by  wooden  bellbwsr 


STEEL. 

Preliminary  Jacts  and  observations* — I  have  'abend^ 
:^ven  some  useful  notices  concerning  charcoal.  ButiAiofc 
it  right  again  to  resume  the  subject,  and  to  con^der  it  in  i 
point  of  view  more  strictly  chemical.  Idothis,intheoiiMt^j 
of  the  consideration  of  the  manu&cture  of  steel,  becmK 
I  consider  steel,  as  pure  irok,  CH£Mi<:ALLr  ujriTii 
TO  PUR£  CHARCOAL.  Pure  chaTcoal,  fiiec  fix>m  eoAf 
ashes,  water,  oxygen,  atmospheric  air,  <x  hydrogen,  (At 
substances  with  which  con^mon  charcoal  even  when  nA 
burnt,  is  usually  contaminated)  is  called  carboit  by  die 
cheipists,  and  is  found  natiu^y  in  its  greatest  purity^  in 
the  diamond ;  which  however  Mr.  Davy  has  latdjrfcbflj 
to  contain  a  very  small  proportion  of  earthy  mitfter. 

Carbon  then  is  contained  in  wood ;  in  stone  coal;  k 
well  burnt  charcoal  of  wood ;  in  well  burnt  <^|i?iTiroJ  of 
pitcoal ;  in  animal  substances  and  th^  charcoal  of  animal 
substances ;  in  the  diamond ;  in  plumbago  or  Uack  kid; 
in  the  carbonic  acid.  The  carbonic  acid,  is  united  m  I 
solid  state  to  chalk,  marble,  and  lim^tone ;  and  SKxpa$* 
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3  to  ^e  ores,  calces,  and  precipitates  of  many  me- 
l^j  it  is  found  also  as  the  Ixise  of  the  carbonic  acid  gas 
Rlich  exists  in  the  atmosphere  in  the  proportion  of  about 
one  part  in  100 ;  also  in  the  gas  wliich  is  produced  dur- 
ing the  fermentation  of  ;'egetable  substances ;  iii  the  air 
expired  from  die  lungs;  in  the  air  evolved  from  burning 
fuel ;  in  die  choak  damp  of  wells  and  mines ;  and  perhaps 
t  otlier  ways,  not  necessary  to  be  noticed  here.    In 
;  substances  whether  solid  or  aeriform,  the  carbon 
;  charcoal  is  one  and  the  same  thing. 
Carbon  united  with  ox}*gen  in  a  high  degree  of  heat, 
becomes  carbonic  acid  gas,  tlie  choak  damp   of  mines, 
■iiich  estingubhes  flame,  and  animal  life,  and  exliibits 
slightly  acid  properties.     The  form  of  air  or  gas,  which 
the  carbonic  acid  puts  on,  is  owing  to  its  combination 
with  caloric  or  heat. 

The  method  of  ascertaining  how  much  carbon  exists 
in  a  given  substance,  is  by  uniting  it  with  oxjgen,  (or  the 
t  ire  air  which  forms  21  parts  in  100  of  die  atmosphere) 
■  id  dien  ascertaining  the  quantity  of  carbonic  acid  gas 
prtiduced ;  this  can  be  done  by  means  of  lime  water, 
which  absorbs  the  carbonic  acid  gas,  and  the  lime  becomes 
again  limestone.  For  Ume  is  limestone  deprived  by  fire, 
of  ivatcr  and  carbonic  acid. 

The  method  of  acertaiiang  how  much  carbon  or  pure 
charcoal  is  contained  in  iron  or  in  steel,  is  by  dissolving 
agivcn  weight  (100  grains  for  instance)  in  oil  of  vitriol 
diluted  with  six  times  its  bulk  of  water,  which  will  dis- 
si^ve  theiron  and  leave  the  carbon  or  charcoal  undissolv- 
^  in  the  form  of  a  filack  powder. 

The  rough  method  of  making  chjtrcoal,  is  by  piling  bil- 
*t3  of  wood  on  an  edrthen  floor,  leaving  an  opening  in  the 
middle  of  the  pile  by  means  of  placing  the  billets  slanting 
toward  each  other,  so  as  to  make  the  pile  nearly  a  cone 
*itfa  a  wide  base.    Fire  is  put  in  at  the  top  of  the  middle 
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opening.  The  pile  is  covered  with  earth  a!I  round,  low- 
ing just  vent  enough  here  and  thtre  for  the  fire  to  spnad 
aiwl  to  dissipate  all  the  acid  of  the  wood,  the  nater,  the 
oil,  the  air,  &c,  but  without  consuming  the  substance  so 
as  to  destroy  its  bulk  or  bliape  :  this  requires  the  attention 
of  3  or  4  days  to  bum  150  or  200  bushels  at  a  time  of 
charcoal.  The  lightest  woods  (gencndly  speaking)  make 
the  best  cliarcoal.  The  charcoal  thus  burnt,  should  [m- 
serve  tlie  shape,  and  texture,  and  fibre  of  the  wood.  It 
should  be  of  a  deep  shining  black  colour,  light,  dry,  brB- 
tie,  porous,  giving  out  a  ringing  sound  wheii  struck,  and 
frequently  hard  enough  to  strike  fire  with  steel.  Henoe 
its  powder  is  used  by  mathematical  instniment-makcn, 
and  engravers,  to  polish  their  brass  and  copper;  also  to 
polish  horn,  he. 

This  method  of  makmg  it,  is  not  sufficiently  nice  and 
accurate  for  the  purposes  of  gunpowder.  In  that  manu- 
facture, the  ^vood  is  distilled  in  lai^  iron  cylinders,  10 
which  a  tube  is  adjusted,  and  the  substances  distilkd 
over,  arc  detained  in  close  vessels,  being  chiefly,  an  ioi 
liquor  sold  to  the  callico  printers  under  the  name  ofpjTO- 
ligneous  acid,  water,  and  oily  matter.  The  heat  gi>'ai  ii 
very  strong ;  and  in  this  i\ay,  all  access  of  common ar 
is  pre\ented.  The  charcoal  is  very  light,  very  blad^ 
and  comparatively,  vcrj'  pure,  containing  nothbg  but  car- 
bon, with  a  small  quantity  of  ashes  and  earth. 

In  the  common  method  of  making  charcoal,  muchtrfit 
is  very  imperfectly  biinit,  still  containing  moisture, hydro- 
gen, atmospheric  air,  oily  matter,  and  pyroUgncous  add, 
that  is,  the  acid  liquor  distilled  from  green  wood  by  meaw 
of  heat.  The  carbon  of  the  wood  also  becomes  oxyge. 
nated  by  decomposing  moisture  during  the  process  rf 
making  charcoal,  as  well  as  by  Imbibing  atmospheric  air  i 
which  it  requires  a  high  degree  of  beat  to  drive  off;  <hP 
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leat  emploj^ed  in  burning  wood  into  charcoal  is  not  suffi- 
dent  i(x  this  purpose. 

The  best  burnt  charcoal  also,  exposed  to  the  air,  gains 
LS  per  cent,  in  weight  by  imbibing  moisture  from  the  ait^ 
18  well  as  the  air  itself. 

Hence  in  a  gross  way,  even  good  charcoal  as  it  is  em- 
ployed at  the  furnaces  in  this  country,  may  be  regarded 
IS  ciHitaining  by  weight,  15  per  cent,  water. and  2ca  of  va- 
rious kinds,  oxygen  and  hydrogen ;  15  per  cent,  eardi, 
Ifihes,  and  imperfectly-consumed  impurities  ;  and  70  per 
Dent,  carbon.  The  water  and  atmospheric  sdr  would  be 
n  greater  prop(»:tion,  if  the  charcoal  were  purer ;  for  good 
eharcoal  imbibes  them  with  avidity. 

From  the  very  accurate  experiments  of  Messrs.  Allen 
tod  Pepys,  which  nearly  confirm  those  of  Lavoisier  and 
Iknithson  Tennant,  (but  not  those  of  M orveau)  it^'  appears, 
ftat  the  following  woods  put  into  a  crucible  and  covered 
irtth  perfecdy  dry  sand,  exposed  for  20  minutes  to  a  red 
Ittat,  and  then  for  40  minutes  to  a  white  heat,  yielded  of 
ibarcoal  as  fdlows : 

Per  cent. 

Fir- wood  (white  pine)  yielded  of  charcoal  18*17 
Lignum  vitae  -  -  17*25 

-  Box  .  -  -         -  20-25 

Beach  -  -  -  15.00 

Oak  -  -  -  17-40 

Mahogany  -  -  -  15*25 

It  also  appears,  that  perfectly  charred  willow  wood, 
^^ilSghed  while  hot,  gained  12  1-2  per  cent,  in  weight,  on 
^(mSi^  exposed  to  the  air  for  52  hours,  and  this  additional 
)*fiight  proved  to  be  chiefly  water. 
'  Also,  that  in  the  common  atmospheric  temperature  (60^ 
tf  Fahrenheit)  barometer  at  SO  inches,  100  grs.  of  car- 
V»uc  acid  gas  may  be  conddered  as  containing  28*635 
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grains  of  pure  charcoal,  the  diamond  furnishing 
grains  of  the  same  gas,  from  28*825  grains  of  dial 

Also,  tliat  at  the  same  temperature,  100  cubic  S 
of  carbonic  acid  gas,  weighs  47"26  grains,  and  100  cubic 
inches  of  pure  iiir  or  oxygen  gas,  weighs  33'82  grains- 

By  my  own  repeated  experiments  I  find  that  good  Gne- 
stone,  such  as  white  marble,  may  be  considered  as  aB* 
taining  43  percent,  of  carbonic  acid  gas  in  a  concrete  state 
(that  is  uncombined  ivith  the  quantitj'  of  caloric  or  bcal 
necessary  to  render  it  gaseous  or  bring  it  to  the  state  df 
air.)  Henceeven,'  100  parts  by  weight  of  good  Umestoue, 
contains  upwards'  ol"  12  parts  by  weight  of  pure  carbon  <r 
charcoal,  a  consideratioii  not  commonly  or  sufficiendy  no- 
ticed. But  owing  to  the  size  of  the  lumps  in  a  chai^al 
an  iron  furnace,  :uid  allowing  for  impurities,  I  do  not  Aink 
that  100  even  of  good  limestone  will  yield  in  thensuil 
heat  of  tlie  fiuiiace  more  than  from  35  to  38  of  caibonic 
acid  gas,  containing  about  11  per  cent,  of  pure  charcaJ. 
1  would  furtha-  observe,  that  where  the  slag  is  an  unifonn 
dense  glass,  without  blebs,  all  the  limestone  is  depriwd 
of  its  carbonic  acid,  for  though  oxygen  or  the  base  d 
pure  air,  iviU  unite  to  glass,  carbonic  acid  ivili  not.  Fwe 
limestone  precipitated  from  a  solution  in  acids  by  a  90l1^ 
tion  of  pearl-ash,  contams  nearly  44  grains  of  carborit 
acid  in  the  hundred.* 

From  the  same  experiments  of  Messrs.  ADen  nd 
Pepys  it  appears,  that  100  grains  of  carbonic  acid  gu 

*  To  try  your  limestone:  Take  100  grains  in  powder,  disMlvt 
it  in  a  mixture  of  1 -2  spirit  of  salt  and  1-2  water.  Wash  with  i 
pint  of  hot  water  what  remains  undissolved,  and  dry  it  for  an  hour 
in  the  heat  of  boiling  ivatei'.  Weigh  it,  and  it  gives  the  weif^ 
of  the  impurities.  This  method  may  be  checked,  by  throwing 
down  the  limestone  by  means  of  a  solution  of  pearl  ash,  wash  aud 
dry  it :  weigh  it :  the  weight  added  lo  the  impuriUes  ougbt  W 
m^eup  100  grains. 
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produced  firom  the  combustion  of  28,235  grans  df 
Hf^h  coal,  which  b  a  graphite  or  anthracite  coali,  burn- 
ing mth  little  or  no  flame  or  smoe^k,  and  similar  to  the  Le- 
high and  Wilkesbarre  coal  of  Pennsylvania^  or  the  Kilken- 
ny coal  of  Ireland  Also  that  28,4f6  grains  of  plumba- 
go or  black  lead  produce  100  grains  of  carbonic  acid  gas ; 
•  die  additional  weight  in  these  cases  arising  finom  the  oxy- 
gen employed  in  the  combustion,  and  united  to  the  car- 
hoa»  Also  that  pure  well  burnt  charcoal  of  wood,  made . 
m  a  white  heat  in  aclose  vessel,  and  weighed  while  it  is 
:  ftill  quite  hot,  cc»isumes  as  much  oxygen  to  convert 
\  it  into  carbonic  acid^  as  the  diamond  does  within 
/^  of  a  gr^  in  100  grains.  Hence,  that  whatever  im- 
perfectly made  charcoal  may  be,  pure,  well-bumt  char- 
coal made  as  above,  is  not  an  oxyd  of  carbon,  and  con- 
tains no  hydrogen.^ 

By  the  experiments  of  these  gentlemen,  100  parts  of 
ttumal  charcoal  carefully  made  bom  muscular  fl^  does 
not  contain  more  than  67,5  of  carbon  and  produces  23,72 
per  cent,  by  weight  of  carbonic  acid  gas,  but  I  suspect  ani- 

*  The  following  brief  notice  of  the  use  of  charcoal  may  be  croud- 
ad  into  a  note. 

It  is  the  best  tooth  powder  known  when  used  fresh.  It  takes 
sway  the  smell  of  putrid  meat.  Three  times  I  have  boiled  legs 
of  mutton,  offensive  to  the  scent,  jn  hot  water  containing  a  shovel 
loll  of  live  coals  taken  from  the  bottom  of  the  (wood)  fire :  when. 
boiled  for  10  minutes,  the  meat  taken  out,  and  wiped,  the  stinking 
thrown  away,  and  the  boiling  repeated  in  the  same  manner ; 
mutton  became  eatable.  It  takes  away  the  peculiar  flavour 
•f  .bad  spirits.  Charred  casks  keep  water  a  long  time  fresh« 
If  emt  suspected  as  liable  to  become  putrid,  is  better  kept  in  char- 
coal than  In  any  other  way.  It  is  an  excellent  non-conductor  of 
heat)  and  therefore  should  be  used  for  lining  the  outside  of  vessels, 
wherein  ice  or  cool  liquors  are  required  to  be  kept.  Animal  char- 
coal, as  of  bones  (fresh  made  ivory  black)  peculiarly  answersf  fop 
clearing  and  fining  vinegar. 
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nud  charcoal  is  decomposed  by  a  less  heat  than  chanxxd 
<^  pine  or  oak ;  a  consideration  that  I  reg^xl  as  of  gretf 
importance  in  thb  country,  both  as  to  the  fecility  of  mdc* 
ing  steel,  and  the  economy  of  wood.  From  some  expe* 
riments  (rf*  Vauquelin,  sted  seems  to  contain  phosphorus; 
if  so,  it  was  probably  made  by  animal  charcoal ;  ydtith 
is  always  preferred  for  case-hardening. 

That  steel,  whether  cemented  steel,  or  cast  steel,  n   \ 
merely  charcoal  combined  widi  iron^  will  appear  from  ^ 
various  processes  of  making  it.  But  the  fact  can  be  pror- 
ed  by  direct  experiment.     Take  100  grains  of  filii^  of  \ 
pure  malleable  iron ;  as  much  of  cemented  or  Uisfered    | 
steel ;  as  much  of  cast  steel.  Dissolve  each  of  these  sepa- 
rately in  spirit  of  salt  and  water,  half  and  half,  in  a  warm 
place.  Thesolution  of  the  iron  will  fumishnoUack  powder 
remaining  undissolved ;  the  two  other  solutions  yri\ ;  and 
the  cast  sted  the  most.     Pure  charcoal  is  not  capable  of 
being  dissolved  in  any  acid.^    Indeed  the  common  mode 

*  The  following  facts  relating  to  the  indestructibility  of  cfautmii 
are  well  worth  attending  to.  <^  The  beams  of  the  theatre  at  Hop* 
«(  culaneum  were  converted  into  charcoal  by  the  lava  which  ofO^ 
"  flowed  that  city,  and  during  the  lapse  of  between  17  and  1800 
^<  years,  the  charcoal  remains  as  entire  as  if  it  was  made  but  jeatn^ 
^  day,  and  will  probably  continue  so  to  the  end  of  the  world.  Tlie 
^  incorruptibility  of  charcoal  was  known  in  the  most  antient  times- 
^  The  famous  temple  of  Ephesus,  was  built  upon  wooden  {nles 
^  which  had  been  charred  on  the  outside  to  preserve  them.  3  Wat- 
^  son's  essays  48. 

^<  It  is  said  there  still  exists  charcoal  made  of  grain  in  the  time 
^  of  Cxsar,  which  is  in  so  compleat  a  state,  that  the  wheat  maybe 
**  distinguished  from  the  rye.     Willich. 

"  About  40  years  ago,  a  quantity  of  oak  stakes  were  fioond  in  tiie 
^  bed  of  the  Thames  in  the  very  spot  where  Tacitus,  says  that  tlie 
^  Britons  fixed  a  vast  number  of  such  stakes  to  prevent  the  pasatg^e 
^  of  Julius  Caesar  and  his  army.  They  were  charred  to  a  coon* 
*^  dcrable  depth,  retained  their  form  compleatly,  and  were  firm  at 
^  the  heart.    Dr.  Robison- 
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cfibTin^  wlietlier  a  piece  of  metal 
Mditm.  Ckan  the  sur&ce  i  put  on  it  one  drop  of  commofi 
MBpiSi  fbrtisi  ktitiemainanwute;  wash  it  (without  rub- 
liii]git)inwater;  if  it  be  iros  the  spot  will  be  white ;  if  it 
t>60led  the^spQit  wiUbe  blade,  from  the  undissolved  carbon^ 

If  then  8ted  be  a  coinposition  of  iron  and  carbcxi,  can 
k lie  made fajr  means  of  any  thing  that  contains  carbon? 
It  can. 

l8t«  'fbe  common  method  of  making  sted  is  by  ce- 
Ifcenring  iron  bars  with  dbarcoal,  and  applying  a  strofag 
lieat. 

2dly.  The  French  chemists  say  that  they  have  made  it 

at  ooce  fiom  malleable  iron,  by  mean$  of  limestone  and 

bottle  ^ass.     English  cast  steel  is  made  as  I  have  been 

"told,  by  melting  blistered  steel  with  powdered  limestone 

^«liJced  with  powdered  glass^ 

.  Sdly^  I  have  seen.at  Birmingham  sted  made  by  passii^ 
■team  into  a  f  uitaace  In  which  iron  was  in  a  state  of  fusion ; 
-the  steam  being  decomposed  by  the  charcoal,  .furnished 
.ttrbcnic  acid  gas  which  in  its  turn  was  decomposed  by 
Aeiron.  But  this  process  did  not  answer  in  alarge  way^ 
citber  in  point  of  economy,  or  uniformity  of  product. 
■  4thLy.  Steel  has  been  made^  by  mixing  a  small  quantity, 
of  diamond  powder  with  malleable  iron ;  this  experiment 
has  been  repeated  both  in  France  and  JEngland. 

StbLy.  It  has  been  made  by  nuxing  black  lead  with  mal- 
leable iron,  and  exposing  the  mixture  to  a  melting  heat. 

r6tMy.  By  mixing  one^fifth .  part  of  kishy,  supercar- 
Ixxuted  smooth  faced  crude  iron,  with  common  malleable 

lion. 

7th]y.  It  can  be  made  with  the  charcoal  of  hoo&,  h<»iis, 
iimdien,  bones,  oc  any  other  animal  substance :  and  as 

The  writings  of  the  antienta  were  with  atramentum  made  of 
jglue  \Bmd  lamp-black,  or  powdered  charcoal,  and  they  are  now  per- 
ibctly  black.     See Parke'sCh.  Catech. 367. 
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these  give  out  their  carbon  %vith  a  less  degree  Of  hottdmi 
tin:  hard  charcoals  of  «'ood,  they  are  sometimes  used  k 
the  steel  furnaces  of  Pennsylvania,  where  the  only  iCnoai 
^  why  sted  is  not  made  as  good  as  in  England,  are,  1st,  lie 
KrWant  of  lieat  sufficient  from  a  wood  fire ;  2dly,  the  use  of 
'    iron  not  sufficiently  pure  in  quality,  or  well  hammeredb 
the  bar;  3dly,  lheuseofcharcoal,toohard,  not  sufficient- 
ly burnt,  and  not  used  fresh. 
^     These  facts  and  observations  vpcH  considfred,  will  throw 
■flight  upon  the  common  processes  for  making  steel,  which 
'     I  am  about  to  detail. 

Steel  is  made  in  3  ways, 

1st.  It  is  made  bi  Sweden  and  Germany  from  the  crude 
■••iron.  It  cannot  (as  is  said)  be  thus  made  from  iron  snoeh- 
Hcd  witli  the  coke  of  pitcoal.     When  the  iron  is  carried  in 
K  small  pigs  to  die  bloomcry  or  refinery,  it  is  melted  on  the 
fchearth  under  charcoal.     Grey  cast  iron  is  common^  uaed 
Bifbr  the  purpose.    If  it  be  much  stirred  and  exposed  lo 
tlte  blast  in  the  bloomcry,  the  superfluous  carbon  Cff  char- 
coal will  be  burnt  away ;  and  by  frequent  heating  and 
^bammcring  it  will  become  malleable  bar  iron  :  but  if  in- 
jstead  of  being  frequently  stirred,  the  slag  only  is  raked  off 
-  Ds  it  forms,  and  the  loop  covered  with  charcoal,  it  will  be 
a  coarse  kind  of  steel,  much  used  on  the  continent  of  Eu- 
rope for  rough  ii'ork,  and  cheap  tools. 

In  order  to  obtain  Iron,  die  fire  place  must  be  largo 

f  -than  for  steel,  and  the  tuycr  must  be  inclined  so  as  to  di- 

tiect  the  blast  to  the  surface  of  the  iron  ;  the  heat  most  be 

tgiven  gradually,  and  the  iron  frequendy  stirred,  and  niked, 

m.  and  kept  in  the  state  of  a  paste.     But  lo  make  Steel,  tk 

Btiieat  must  be  given  more  suddenly,  the  iron  roust  be  plac- 

'  ed  on  a  bed  of  charcoal  dust,  and  become  fused,  so  a»  to 

sink  uelow  die  Scoria;  or  slug,  and  if  diese  are  removed. 

their  placL  must  be  supplied  by  cliarcoal.     In  makbigiroo 

at  the  rcfiuert^,  die  charcoal  is  burnt  away;  in  making  slfld. 
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le  peifect  mAoa  is  produced  between  die  charcoal 
the  mm.  The  process  as  desciibed  by  HazenfiraU 
fcdiows: 

The  crade  mm  is  reduced  ink)  tlun  plates,  or  leaves^ 
I  it  is  drawn  from  the  smelting  {umace.  Forthispur- 
amould,  or  hemispheric^  ca\ity,  is  prepared  before 
itrQace.  It  is  fiinned  of  the  scons  reduced  into  veiy 
powder ,  and  wetted  to  make  them  adhere  together  • 
lie  work  is  then  opened  with  an  iron  bac»  in  order  that 
coiriae  may  flow  into  the  moukl,  and  dissipate  its  mois- 
These  are  in  the  next  place  taken  out,  and  theme- 
self  is  suflfered  to  flow  at  first  in  a  snudl  stream,  and 
vards.  more  speedy.  The  aperture  b  enlarged  in 
DTtion  as  it  flows  out,  and  at  last  tiie  scoriae  fell  on  die 
and  cover  it  in  the  mould.  The  furnace  is  theit 
I  closed,  and  the  blast  renewed.  Water  bdbig  thrown 
le  scoriae  vdach  occupy  the  upper  portion  of  the 
Id,  they  become  fixed,  and  in  diis  state  are  removed, 
ocnd  pordon  ci  water  b  then  thrown  on  the  naked 
Ce  of  the  metal,  which  congeals  to  a  small  depth, 
tibin  congealed  plate  b  taken  oS*,  and  a  second  asper- 
of  water  b  made,  which  affords  a  tlurd  plate.  In 
manner  the  process  b  continued,  tmtil  as  much  <^  the 
1  b  converted  into  plates  as  can  be  e&cted  during  the 
i^  <^the  mass. 

t  some  works  the  iron  b  mehed  in  a  particular  fur- 
finom  the  pig,  fisr  tfab  purpose;  but  thb  second  ope- 
ti  b  evidently  wasteful  both  of  time  and  fuel, 
be  plates  are  intmded  to  be  made  into  either  irofi  or 


i  the  process  for  making  bar  iron,  the  first  operation 

ists  in  roasting  the  plates  on  a  hearth,  upon  which  Aqr 
imaged;  a  passage bdng  formed  with  Ixicks, in  or- 
hat  tibe  iinnd  of  the  bellows  may  be  directed  fiom  <me 
emitv  to  the  other.  Thry  are  dm  covered  with  chaN 


coal,  and  (irged  strongly  with  the  bellows.  The  pbtei 
by  this  roasting,  which  destro)'s  the  charcoal  of  the  cnt 
iron,  Ix'gin  to  assume  the  qualitits  of  bar  iron,  afta 
which  they  are  carried  to  die  finerj'  furnace.  The  body 
of  this  furnace  is  more  capacious  than  that  which  isinttn^ 
ed  for  steel.  The  iron  is  covered  widi  charcoal  and 
scoriae,  and  the  tuyere  is  inclined  so  that  die  blast  sti^O* 
on  the  plates  of  metal.  When  the  fusion  is  con^ilete, 
the  scoria:  are  let  out,  the  mass  is  frequently  tiUTicd  to  ex- 
pose it  to  the  blast,  and,  lastly,  the  process  being  coBt 
pleted,  the  iron  is  conveyed  to  the  hammer. 

If  the  object  be  toform  Steel,  the  furnace  made  ase  of 
is  more  contracted  and  deep.  It  b  lined  with  puWerixed 
charcoal,  moistened  and  rendered  solid  by  beating.  The 
plates  are  disposed  therein,  and  covered  with  scorife  and 
charcoal.  The  position  of  die  tuyere  is  nearly  horizontal, 
in  order  diat  the  stream  of  air  may  strike  the  fuel,  and  not 
the  metal.  When  the  metal  begins  to  assume  the  aJoA 
state,  the  coal  is  tiken  off,  the  scoris  are  suflered  to  flow 
out,  and  scales  and  fragments  of  steel  are  driven  by  ban- 
mering  into  tlie  soft  mass. 

The  piece  is  afterwards  melted  a  second  time  with  Ae 
same  precautions  as  before  ;  and  when  the  metal  is  thought 
to  be  sufficiently  refined,  thescoriK  are  drawn  off,  and  the 
mass  is  convejed  to  the  hammer  to  divide  it  into  scTcral 
pieces,  which  are  to  be  separately  forged  out. 

We  see  tlial  all  these  operations  are  directed  to  the 
means  of  destrojing  the  cliarcoal  of  the  crude  iron,  whea 
bar  iron  is  wanted ;  but  when  steel  is  required  to  be  tiMde, 
the  metal  is  not  only  preserved  from  the  contact  of  the  tSs, 
but  the  vessel  is  lined  \vith  charcoal,  in  order  that,  l^  iis 
contact  widi  the  fused  matter,  it  may  supply  any  portkn 
of  diat  principle  which  may  be  \\anting. 

In  tlie  foregtung  process  there  are  two  fusions  of  Ac 
metal.     In  die  latter  it  is  not  only  completed  by  the  sc- 
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sod  fu^fMi,  but  it  is  rendered  mcve  homogeneous.  Thi» 
lethod  is  excellent,  and  is  perhaps  the  only  means  by 
iiich  an  exceedingly  good  steel  can  be  had. 
Theotherpart  of  the  process  bworthy  of  much  attention, 
itnely,  the  reduction  of  the  crude  iron  mto  plates.  When 
ar  iron  is  wanted,  these  plates  roast  with  more  facili^  on 
xount  of  the  great  surface  they  present  to  die  air.  And 
lien  steel  is  wanted,  they  are  more  readily  fused,  and 
ak  beneath  the  socrife,  which  {nevents  the  charcoal  df 
le  iron  from  being  consumed  by  the  action^of  the  air. 
hi  the  contrary,  they  absorb  what  might  have  been  want- 
ig  from  the  lining  of  the  hearth  or  cavity,  which  is  pre« 
ured  in  such  a  manner,  as  to  support  itself  without  being 
:>nsumed,  through  the  whole  of  the  operation. 

When  the  steel  has  congealed  in  the  furnace,  it  is  taken 
lit  and  divided  into  several  pordons  more  or  less  consi*^ 
erable,  which  are  carried  to  the  hammer.  Here  a  sepa- 
idon  is  made  of  such  portions  as  are  not  reduced  into 
ed,  but  iron,  and  wluch  occupy  the  surface  of  the 
ieoes.  Each  piece  is  drawn  out  into  bars,  which  are  fe- 
nced into  other  smaller  bars  of  different  dimensions,  by 
qparating  the  softest  parts  from  those  which  are  more  hard. 

For  steel  of  a  superior  quality,  several  bars  of  the  soft 
ad  hard  kmds  are  muted  by  welding  and  forging.  The 
ardest  are  placed  in  the  middle. 

We  have  shown  that  in  order  to  obtain  steel  from  crude 
on,  it  is  necessary  to  have  an  iron  abounding  with  coal ; 
at  there  is  an  excess  which  is  hurtful.  The  black  crude 
on,  which  contains  too  much  coal,  affords  a  steel  so  brit- 
e  as  to  be  of  no  use.  This  kind  of  steel  becomes  fixed 
ridi  more  difficulty  than  good  steel.  When  the  work- 
lan  perceives  this  symptom,  he  may  prevent  the  bad  ef- 
x:t  by  adding  a  certain  quantity  of  old  iron  fragp^ents, 
inch  deprives  the  too  steely  metal  of  its  excess  of  coal, 
id,  by  incorporatiDg  with  h,  pnxluces  an  uniform  mass 
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of  good  steel.  When  the  crude  iron  is  of  such  a 
as  to  afford,  brittle  steel,  it  is  usual  to  mix  in  the  refining 
furnace  a  quantity  of  another  kind  of  crude  iron,  whidl 
may  modify  its  quality. 

Thoughironajid  steel  aredistinguishable  by  very  stA< 
ing  qualities,  there  is,  nevertheless,  a  point  of  contact  at 
which  they  are  confounded  :  the  softest  steel  may  be  con. 
sidcrcd  ns  a  veiy  hard  iron,  and,  in  fact,  the  several  kinds 
of  iron  differ  in  hardness  by  tlie  same  principle  which  con- 
stitutes steel.  They  all  retain  a  small  portion  of  charcoal, 
which  escapes  the  operation  of  refining.  Those  iriudi 
contain  the  least  arc  under  like  circumstiinces  mwe  flexi- 
ble, soft,  ductile,  and  susceptible  of  acquiring  by  the  ac- 
tion of  the  liammer  that  fibrous  form  which  constitutes 
what  is  called  the  grain  of  iron.  Hence  it  is  that  difibent 
kinds  of  bar  iron  are  sometimes  obtained  fi^jm  the  sanr 
crude  iron,  though  the  operation  is  apparently  the  same. 
It  Is  sufficient  for  this  effect  that  the  inclination  of  ibe 
tuyer  be  changed.     2  Nich.  Jour.  qto.  p.  66. 

The  next  kind  of  steel,  isSdly,  Steel  of  cemmtaHont 
blistered  steel, 

Obtervqtions  on  Iron  and  Steel.  By  Joseph  Collier.  Fnm 
the  Transactions  of  the  Mancliester  Society — inM 
notes  by  T.  C. 

.\FTER  examining  the  works  of  different  authon 
who  have  uritten  on  the  subject  of  making  iron  and  sted, 
I  am  persuaded  that  the  accounts  given  by  them  of  the 
necessary  processes  and  operations  are  extremely  imper- 
fect. Chemists  have  examined  and  described  the  various 
compound  minerals  containing  iron  with  great  accurac}^, 
but  have  been  less  attentive  to  their  reduction.  TWs  ob- 
servation more  particularly  applies  to  steel,  of  the  making 
of  which  I  have  not  seen  any  correct  account.     It  is  an- 
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gular  to  observe  how  very  imperfixtly  the  cementation 
of  iron  has  been  described  by  men  of  great  eminence  in 
die  science  of  chemistry.  Fourcroy  states  the  length  of 
time  necessary  for  the  cementation  of  inxi  to  be  about 
twdve  hours ;  but  it  is  difficuk  to  discover  whether  he 
alludes  to  cast  or  to  bar  steel :  fiir  he  says,  that  short  bars 
of  iron  are  to  be  put  into  an  earthen  box  with  a  cemen^ 
and  closed  up.  Now  steel  is  made  fix)m  bars  of  iron  of 
tiie  usual  length  and  thickness :  but  cast  steel  is  made 
according  to  the  process  described  by  Fourcroy,  with  this 
;    essential  difference — ^the  op9:ation  is  begun  upon  bar 

Steel,  and  not  bar  iron. 
\        Mr«  Nicholson  is  equally  unfortunate  in  the  account 
I   given  in  his  Chemical  Dictionary.    He  says,  that  the 
\    usual  time  required  for  the  cementation  of  iron  is  firom  6 
.to  10  hours,  and  cautions  us  against  continuing  the  ce- 
mentation too  long ;  whereas  the  operation,  fix>m  the  be* 
ginning  to  the  end,  requires  16  days  at  least    In  other 
-    parts  of  the  operation  he  is  equally  defective,  confound- 
ing the  making  of  bar  with  that  of  cast  steel,  and  not  fully 
describing  either.     In  speaking  of  the  uses  of  steel,  or 
rather  of  what  constitutes  its  superiority,  Mr.  Nicholson 
is  also  deficient.     He  observes  that  ^^  its  most  useful  and 
advantageous  property  is  that  of  becoming  extremely  hard 
when  plunged  into  water."     He  has  here  forgotten  every 
thing  respecting  the  temper  and  tempering  of  steel  instru- 
ments, of  which,  however,  he  takes  some  notice  in  the 
same  page.     "  Plunging  into  water"  requires  a  little  ex- 
planation :  for  if  very  hot  steel  be  immersed  in  cold  wa- 
ter without  great  caution,  it  Mill  crack,  nay  sometimes 
tireak  to  pieces.     It  is  how cact  necessary  to  be  done,  in 
order  to  prevent  the  steel  fronx  growing  soft,  and  return- 
ing to  the  state  of  mallcabk  iron ;  for,  were  it  permitted 
to  cool  in  the  open  air»  the  carbon  which  it  holds  in  com- 
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bination  would  be  dissipated*.    I  shall  at  present  confiv 
my  remarks  to  the  operations  performed  on  iroD  in  Shc£» 
field  and  its  neighbourhood,  from  whence  various  con^ 
munications  have  been  transmitted  to  me  1^  reddest 
friends,  and  where  I  have  myself  seen  the  operations  le^ 
peatedly  perfbrmed.    The  iron  made  in  that  part  of  Yoric* 
shire  is  procured  from  ores  (bund  in  the  neigUM>urfaood^ 
which  are  of  the  argillaceous  kind,  but  intermixed  widi 
a  large  proportion  of  foreign  matter.     These,  however, 
are  fiequendy  combined  with  richer  ores  bora  Cumber^ 
land  and  other  places.    The  ore  is  first  roasted  with  cin* 
ders  for  three  days  in  the  open  air,  in  order  to  cxpd  the 
sulphureous  or  arsenical  parts^  and  afterwards  taken  to  die 
fiimaces,  some  of  which  are  constructed  so  that  iba  in* 
temal  cavity  has  the  form  of  two  four-sided  pyranudsf 
joined  base  to  base ;  but  those  most  commonly  used  lit 
of  a  conical  form,  fix)m  forty  to  fifty  ieet  high.     Hie  fin^- 
nace  being  previously  heated  in  various  proportions  aooor- 
ding  to  the  nature  of  the  ore,  is  charged  at  the  tc^  widi 
coal-cinder  and  limestone.  The  limestone  acts  as  a  floxi 
at  the  same  time  that  it  supplies  a  sufficient  quantity  of 
earthy  matter/ to  be  converted  into  scoriae,  which  are  ne- 
cessary to  defend  the  reduced  metal  fit)m  calcinati(»i,  frba 
it  comes  near  the  lower  part  of  the  furnace.     The  fire  ii 
lighted  at  the  bottom ;  and  the  heat  is  excited  by  nieam 
of  two  pair  of  large  bcllowsj  blowing  alternately.    The 
quantity  of  air  generally  thrown  into  the  ftimace  is  fixjm 
1000  to  1200  square  feet  in  a  minute.1    The  air  passes 
tlirough  a  pipe,  the  diameter  of  which  is  from  two  inches 

*  It  is  the  opinion  of  some  metallurgists,  that  a  partial  abstac- 
tion  of  oxygen  takes  place,  by  plunging  hot  metal  into  cold 

t  Rather  two  inverted  cones,  of  which  the  ba&o  of  the  larger 
upon  the  base  of  the  smaller. 

\  These  are  now  discarded  and  large  cast  iron  cylinders  subfdto 
ted  in  their  stead. 

IFrom  1500  t9  1800  out  of  a  pipe  of  2^  or  3  inch  bore.. 


Steel. 


S73 


■nd  a  quarter  to  two  and  three  quarters  wde.  The  com- 
prcfiston  of  air  which  is  necessary  is  equal  to  a  column 
of  water  four  feet  and  a  half  high.*  The  ore  melts  as  it 
passes  through  the  fire,  and  is  collected  at  the  bottom, 
ubere  it  is  maintained  in  a  liquid  state.  The  slag,  which 
6iHs  down  with  the  fused  metal,  is  let  off  by  means  of  an 
opentng  in  the  side  of  die  furnace,  at  the  discretion  of  the 
irarkmen.  When  a  sufficient  quanrity  of  regulus,  or  im- 
perfectly reduced  metal,  is  accumulated  at  the  bottom  of 
[he  furnace  {which  usually  happensevery  eight  hours,)  it 
13  let  off  into  moulds,  to  form  it  for  tlie  purposes  intended, 
such  as  cannon  or  pig  iron. — Crude  iron  is  distinguiiihed 
into  white,  black,|  and  grey.  The  white  is  the  least  re- 
duced, and  more  britUc  tlian  the  other  two  ;  the  black  is 
that  with  which  a  lai^  quantity  of  fuel  has  been  used  ; 
and  the  grey  is  that  which  has  been  redifced  with  a  sufficient 
quantity  of  fuel,  of  which  it  cont:uns  a  part  in  solution.  The 
operation  of  refining  crude  iron  consists  in  burning  the  com- 
bustible maner  which  it  holds  in  solution ;  at  the  same  time 
that  the  remaining  iron  is  more  perfectly  reduced,  and  ac- 
quires a  fibrous  texture.  For  this  purpose,  the  pigs  of  cast 
iron  are  taken  to  tlic  foi^,  where  thej-  are  first  put  into 
what  is  called  the  refinery  ;  which  is  an  open  charcoal  fiiic» 
urged  by  a  pair  of  bellows,  worked  by  water  or  a  steam- 
ei^ne;  but  the  compression  of  air  in  the  refinery  ought 
»  be  less  than  that  in  the  biast-fum;ice.  After  the  metal 
is  melted,  it  is  let  out  of  the  fire  by  the  wwkmen  to  dis- 
charge the  scoriie,  and  then  returned  and  subjected  to  the 
tis  before.  Tliis  operation  is  sometimes  repeated  two 
ee  times  before  any  appeirance  of  malleability  (or 
the  workmen  call  coming  into  nature)  takes  place; 
ftis  they  know  by  the  metal's  first  assuming  a  granular 
■ppcarance,  the  particles  appearing  to  repel  each  other,  or 

'  This  oiighi  to  be  6  inches  of  mercury,  or  G  feel  of  wawr. 
t  Mottled. 
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at  least  to  have  no  signs  of  attraction.    Soon  afieFwards 
they  b^;in  to  adhere,  the  attraction  increases  very  rapidly^ 
and  it  is  with  great  difficulty  that  the  whde  is  prevented 
from  running  into  one  rnass^  which  it  b  desirable  to  avdd, 
it  being  more  convenient  to  stamp  small  pieoes  into  thin 
cakes :  this  i&  done  by  putting  the  iron  inmiedia&ely  un- 
der the  forge  hammer,  and  beating  it  into  pieces  abootan 
inch  thick,  which  easily  break  from  the  rest  during  the 
operation*    These  sniaU  pieces  are  then  collected  and 
piled  to  the  height  of  about  ten  inches  upon  circular 
stones,  which  ace  an  inch  thick  and  nine  inches  in  diame- 
ter.    They  are  aftenranls  put  into  a  furnace,  ki  which 
the  fire  is  reverberated  upon  them  until  they  are  in  a  semi- 
fluid state*    The  workmen  then  take  one  out  of  the  fur- 
nace, and  draw  it  into  a  bar  under  the  hammer ;  whicb 
being  finished,  thejr  apply  the  bar  to  another  of  the  piks^ 
of  semi-fluid  metal,  to  which  it  quickly  cements,  b  taken 
again  to  the  liammer,.  the  bar  first  dratvn  serving  as  a  hm- 
die,  and  drawn  down  as  before.    The  imperfectiQiis  u^ 
the  bars  are  remedied  t^  putting  them  into  another  fin^ 
called  the  chafery,  and  ag^in  subjecting  them  to  the  actioi:^- 
of  the  forge-hammen 

The  above  method  b  now  most  in  use,  and  b  called 
fionrishing ;  but  the  iron  made  by  this  process  is  in  n<^ 
respect  superior  to  Ihat  which  I  am  going  to  describe.  I& 
is  however  not  so  expensive,  and  requires  less  labour* 

The  process  for  refining  crude  iron,  which  was  mosC 
common  previous  to  die  introduction  of  flourishing,  b  a9 
follows : 

The  pigs  of  cast  iron  are  put  into  the  refinevy ,  as  above^ 
where  they  remain  until  they  have  acquired  a  consistence 
resembling  paste,  which  liappens  in  about  two  hours  ail^ 
ahalf*  Tbeinxib  then  taken  out  of  the  refinery,  and^laiA 
mpon  a  cast  iron  plate  on  the  floor,  and  beaten  by  the  wcrk- 
xien  with  hand-hammers,  to  luiock  off". the  cinders.  ancJ 
other  c;xtraneous  matters  which  adhere  to  the  metal.  It  i$ 
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afterwards  taken  to  the  foi^  Jiammo;  and  beaten  first 
gently,  till  it  has  obtained  a  little  tenacity ;  then  the  mid- 
dle part  of  the  piece  is  drawn  into  a  bar  about  half  an  inch 
Aick,  three  inches  broad,  and  four  feet  long,  leaving  at  each 
cpd  a  thick  square  lump  of  imperfect  iron.  In  tliis  form 
itis  called  Ancony.  It  is  now  taken  to  the  fire  called  the 
dudEery,  made  of  common  coal ;  after  which  the  two  ends 
^  are  drawn  out  into  the  fcom  of  the  middle,  and  the  opera- 
^    lion  b  finished. 

W       There  is  also  a  third  method  rf  rendering  crude  iron 

p.     malleable,  which,  I  diink,  promises  to  be  abundantly  more 

|.    advantageous  than  either  of  the  two  former,  as  it  will  dis- 

r    pense  bodi  with  the  refinery  and  chafery ;  and  nothing 

'c    more  will  be  necessary  than  a  reverberating  furnace,  and  a 

Lp  famaoe  to  ^ve  the  metal  a  mailable  heat,  about  the  mid- 

^dle  of  the  operation.     The  large  forge-hammer  will  also 

4U  into  disrepute,  but  in  its  place  must  be  substituted 

setal  roBers  of  different  capacities,  which  like  the  forge- 

hnnmer,  must  be  worked  citlxer  bv  a  water-wheel  or  a 

steam-engine. 

It  is  by  the  operation  of  the  forge-hammer  or  metal 
rollers,  that  the  iron  is  deprived  of  the  remaining  portion 
0f  impurit}',  and  acquires  a  fibrous  texture. 

The  iron  made  by  the  three  foregoing  processes  i^  equal- 
ly valuable,  for  by  any  of  them  tlic  metal  is  rendered  pure ; 
but  after  those  different  operations  ai*e  finished,  it  is 
the  opinion  of  many  of  the  most  judicious  workers 
in  iron,  that  laying  it  in  a  damp  phcc  for  some  time 
improves  its  quality ;  and  to  this  alone  some  attribute 
the  superiority  of  foreign  iron,  more  time  elapsing  be- 
tween making  and  using  tlie  metal.  To  the  latter  part 
,  of  this  opinion  I  can  by  no  means  accede,  as  it  is  well 
k^nown  that  the  Swedish^  ores  contain  much  less  hetero- 

*  Steel  is  commonly  made  of  Swedish  iron.     Oregrund  iroo^ 
as  It  is  called,  but  ihat  is  only  Uic  mart :  the  ore  is  from  Danne- 
siora. 
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put  mto  large  crucables  with  a  flux.^ 
then  closed  up  with  a  Ud  of  the  sainc  \vare,  and  placed  in 
a  w'ind  furnace.  By  the  introduction  of  a  greater  or  smaUtr 
quantity  of  flux,  the  metal  is  made  harder  or  softer. 

When  the  fusion  is  complete,  the  metal  is  cast  into  in- 
gots, and  then  called  ingot  steel ;  and  that  which  after> 
wards  undergoes  the  operation  of  tilting,  is  called  tilled 
cast  steel.  The  cast  steel  is  the  most  valuable,  as  its  tea- 
ture  is  the  most  compact,  and  it  admits  of  the  lincst  polish. 
Sir  T.  Frankland  has  communicated  a  process,  in  the 
Transactions  of  tlie  Royal  Society,!  for  welding  caststtcj 
and  malleable  iron  together ;  which,  he  says,  is  done  bj 
giving  tlic  iron  a  mullciible,  and  the  steel  a  white  heat; 
but,  from  the  experiments  which  have  been  made  at  my 
request,  it  appears,  that  it  is  only  soft  cast  stctl,  little  bet- 
ter than  common  steel,  that  will  weld  to  iron  :  pure  sted 
will  not ;  for,  at  the  Iieat  described  by  Sir  T.  the  bestost 
blecl  either  raclts,  or  will  not  bear  the  hammtr.  It  nm 
here  be  observed,  as  ivas  mentioned  before,  that  steel  is  m 
intermediate  state  between  crude  and  malleable  iron,  ex- 
cept in  the  circumstance  of  its  reduction  being  complete  i 
for,  according  to  the  experiments  of  Reaumur  and  Bog- 
man,  steel  contauis  niore  hydi'ogen  gas  than  cast  )roD,bot 
less  tlmn  malleable  iron ; — less  piumbagof  than  the  firs^ 
but  more  than  tlie  latter; — an  equal  potion  of  m»* 
ganesc  with  each; — less  siliceous  airth  than  either f— 
more  iron  than  the  first,  but  less  than  the  second,  hs 
fusibility  is  likewise  inlermediate  bettteen  the  bar 
iron  and  the  crude.     When  steel  has  been 


"Phil.  Trans.  1795. 

t  Limestone  und  tioUle  glass  pounded.  The  limestone  is  A 
posed,  and  the  steel  abstracts  an  additional  dose  of  carbon,  froffl 
the  cai'bonic  acid  of  tlic  limestone,  a.s  is  supposed :  but  1  biupe0 
a  small  quantity  of  lamp-black  is  added.     T.  C. 

]  Rather  carbon.     Plumbago  or  black  lend  is  cariKm  1 
a  very  smaJl  propordoa  of  iron.    T.  C. 
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cooled  from  a  state  of  ignition,   it  is  malleable  and 
soft,  like  bar  iron ;  but  when  ignited  and  plunged  into 
cold  water,  it  is  the  hardtiess  and  brittleness  of  crude  iron. 
From  the  foregoing  facts  we  are  justified  in  drawing  thfe 
same  conclusions  with  Reaumur  and  Bergman,  but  which 
have  been  more  perfectly  explained  by  Vandcrmonde, 
BcrthoUet,  and  Monge,  that  crude  iron  is  a  regulus,  the 
reduction  of  which  is  not  complete ;  and  which  conse- 
quently will  differ  acccx-ding  as  it  approaches  more  or  leas 
to  the  metallic  state.     Forged  iron,  when  previously  well 
refined,  is  the  purest  metal ;  for  it  is  then  the  most  malle* 
able  and  the  most  ductile,  its  power  of  welding  is  the 
greatest,  and  it  acquires  the  magnetic  quality  soonest. 
Steel  consists  of  iron  perfectly  reduced  and  combined  with 
charcoal ;  and  the  various  differences  in  blistered  steel, 
made  of  the  same  metal,  consist  in  the  greater  or  less  pro- 
portion of  charcoal  imbibed.     Iron  gains,  by  being  con- 
verted into  steel,  about  tw  part  of  is  weight.     In  order 
to  harden  steel,  it  must  be  put  into  a  clean  charcoal,  coal 
or  cinder  fire,  blown  to  a  sufficient  degree  of  hait  by  be!  - 
lows.  The  workmen  say,  that  neither  iron  nor  steel  will 
harden  properly  without  a  blast.     When  the  fire  is  suffi 
ciently  hot,  the  instrument  intended  to  be  hiu'dcned  must 
be  put  in,  and  a  gradual  blast  from  the  bellows  continued 
until  the  metal  h:\s  acquired  a  regular  red  heat :  it  is  then 
to  be  carefully  quenched  in  cold  water.     If  the  steel  be 
too  hot  when  immersed  in  water,  the  grain  will  be  of  a 
*>ugh  and  coarse  texture ;    but  if  a  proper  degree  of 
■eat,  it  will  be  perfectly  fine.     Saws  and  some  other  ar* 
ticles  are  quenched  in  oil.     Steel  is  tempered  by  again 
objecting  it  to  tlie  action  of  the  fire.     The  instrument  to 
be  tempCTed  we  will  suppose  to  be  a  razor  made  of  cast 
^toeU  First  rub  it  upon  a  grit  stone  until  it  is  bright,  then 
Ptit  the  back  upon  the  fire,  and  in  a  short  time  the  edge 
^^'lU  become  of  a  light  straw  colour,  \\  hilst  tlie  back  is  blue. 
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The  straw  colour  deftOtes  a  proper  temper,  eitheft 
a  razor,  gra\Tr,  or  pen-knife.     Spring  knives   nxjube  ii  i 
dark  brown;  scissars  a  light  brown  or  straw  coldtir; 
forks  or  table-knives  a  blue.     Tht  blue  colour  marks  tbt  | 
proper  temper  for  swords,  watch-springs,  or  any  I 
requiring  tdasticit)'.      The  springs    for  pen-lc 
co%-er«!  over  witli  oil  before  they  are  exposed  1 
to  tempCT. 

Explanation   ^  the  Plate.     Fig.  I.   isaf 
Kimace,  und  fig.  2.  is  a  section  of  it  taken  dt  diel 
The  plan  is  taken  at  the  line  CD.     The  same  jl 
furnace  are  marked  mth.the  same  tetters  In-thfcg 
in  the  section.     EE  are  tt)e  pots  or  troughs  I 
tlte  bars  of  iren  are  laid  to  be  converted.     F  "B 
plac^ ;  P  tlie  fire-bars ;  and  R  the  as^-pit. 
tlie  flues.     HH  is  an  arch,  the  inside  of  Ac  I 
which  corresponds  iviththc  line  IIII,  fig.  1. 
of  it  is  made  in  the  form  of  a  dome,  having  a  •! 
centre  at  K,  fig.  2.     LL,  &c.  are  six  chimneys.  ~ 
n  dome  similar  to  that  of  a  glass-house,  covering  the  ■ 
At  N  there  is  an  arclicd  opening,  at  which  HoB'iff 
are  taken  in  and  out  of  tlie  furnace,  and  which  1 
built  up  when  the  furnace  is  charged.     At  OO  ^ 
hcdes  in  each  pot,  tlirough  which  the  ends  of  tl 
of  the  bars  an;  made  to  project  quite  out  of  the4 
These  are  for  the  purpose  of  being  drawn  out  c 
\y  to  see  if  the  iron  be  sufficiendy  convtrtcd. 

Tfic  pots  are  made  of  fire-tiles  or  fire-stone. 
toms  of  them  are  nmde  of  tivo  courses,  each  caur4 
about  the  tliicVness  of  the  single  course  wltldl  f 
outsides  of  Uie  pots.     The  insides  of  the  pots  ] 
coui-se,  about  double  die  tliickness  rf  the  OUt^ 
partitions  of  the  flues  arc  made  of  fire-brick,  v 
different  thicknesses,  as  represented  in  the  fAH^'^ 
dotted  lines  in  the  bottom  of  the  pots,  lliese*  '  "'' 
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g  the  sides  and  bottoms  of  the  pots,  and  for  ^Urect« 
le  9ame  equally  round  them.  The  great  object  b 
nmunicate  to  the  whole  an  equal  d^;ree  of  heat  in 
part.  The  fuel  is  put  in  at  each  end  of  the  fire* 
and  the  fire  is  made  the  whole  length  of  the  pots, 
spt  up  as  equally  as  possible/' 

diis  paper  of  Collier's  it  may  be  remarked,  that  the 
re  often  put  into  iron  as  well  as  brick  or  earthen 
and  indeed  in  England  generally  so— that  although 
ating  and  cooling  may  occupy  altogether  a  dozen 
it  does  not  require  more  than  a  dozen  hours  oSwfait 
:o  convert  into  good  blistered  steel,  bar  iron  the  8th 
inch  thick — that  steel  of  cementation,  blistered  or 
lan  bar  steel,  should  be  made  of  the  very  beat,  and 
v^orked  iron  that  can  be  procured ;  geiitrally  of  Swe* 
ron,  the  whole  of  which  used  to  be  bought  up  by 
1  houses  in  England.  If  not  well  hammered  in  its 
)f  iron,  it  will  shew  the  want  of  uniformity  in  its  tex- 
much  more  as  steel  Cast  steel  is  always  made 
tally  from  bar  steel,  or  steel  of  cementation — — ^ual 
>rtions  of  limestone  and  cinders,  is  far  too  much  of 
tone  :  one  part  of  limestone  to  3  or  4  of  cinders  is 
common;  and  the  English  rich  Cumberland  ore, 
ed  with  wood  charcoal,  requires  no  more  than  one 
ieth  of  limestone — there  is  hardly  any  such  thing 
J  at  an  English  blast  furnace  as  bellows ;  they  are 
ied  with  air  either  from  cast  iron  drums  or  cylinders 
ed  with  the  power  of  water  or  steam ;  or  by  a  water 
;  and  the  air  is  condensed  so  as  to  support  a  column 
nches  of  mercury ;  by  which  compression  from  15 
00  cubic  inches  of  air  will  pass  through  the  dischai^- 
►ipe  of  3  inches  wide  in  a  minute— —Mr.  Collier 
[It  noticed  the  common  process  of  puddling  introduc- 
r  Mr.  Cort,  which  has  succeeded  in  practice ;  and 
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of  which  Dr.  Beddoes  has  given  a  detailed  account  in 
Sth  volume  of  tlic  Mancliester  Transactions. 

Process  of  making  Steel  at  Netvcastle^  in  Engla 
1  Jars  Voyages.  Metalliirgiques,  221. 

*^  There  are  several  steel  furnaces  at  Newcasde  of  dif 
ent  sizes,  but  similar  proportions.  The  mason  work 
tlie  cementing  furnace,  is  an  oblong  square.  A  fire-pL 
with  bars  passes  the  whole  length.  This  grate,  20  ind 
wide,  is  nearly  on  a  level  with  tlie  ground ;  the  ash-h 
is  underneath.  Sixteen  inches  above  the  grateoia 
side  are  placed  the  cases  wherein  tlie  bars  are  anang 
that  are  to  be  converted  uito  steel.  For  this  purpose  t 
flues  are  worked  into  the  \vall  of  those  crucibles  or  cai 
on  each  side  of  their  length  ;  they  are  of  fire-brick  a 
cemented  with  loam  well  beaten  and  worked.  Hie  i 
side  dimensions  of  the  cases  are  10  1-2  feet  long,  2  fi 
4  inches  wide,  and  2  feet  6  inches  deep.  The  flame  d 
culates  all  round  the  cases,  whose  sides  are  suppcxted  I 
walls  that  enable  tliem  to  sustain  the  weight  of  iron  withi 
An  arch  is  thrown  over  the  cases  and  fire-place  in  ocd 
tliat  the  flame  may  reverberate  on  the  top  of  the  case 
The  flame  and  smoke  passes  out  at  eight  openings.  Tl 
whole  communicates  with  one  common  chinmey  of  a  o 
iiical  form.     The  cases  are  of  hewn  fire-stone. 

No  iron  is  used  for  tlie  purpose  of  steel  but  Swcdi 
iron. 

The  iron  bars  are  cut  to  tlic  length  of  the  inside 
Uic  cases :  they  are  of  difierent  breadths,  from  an  in 
and  a  half  to  two  inches  and  an  half,  and  bom  four 
seven  lines  thick,  (12  lines  make  an  inch.)  Each  case  c 
hold  ten  tons  of  iron  of  21  cwt.  of  112  lbs.  each  tothetx 

The  only  substance  used  is  charcoal  dust  :*  ndd 
oil  nor  salt.  The  bottom  of  the  cases  are  covered  w 
charcoal  dust  sifled  through  a  coarse  sieve,  and  slig^ 

*  I  believe  animal  substances  are  freque&tlf  added.    T.  C 
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moistened,  about  an  inch  thick :  in  this  the  bars  are  laid 
adeby  side  with  about  1.4th  inch  of  charcoal  dust  be- 
tween each  bar.  This  layer  is  covered  with  half  an  inch 
of  charcoal  dust,  and  this  again  with  a  layer  of  bars.  The 
last  layer  is  covered  with  2  inches  of  charcoal,  and  this 
with  a  coating  of  clay,  or  of  moistened  sand.  The  sand 
is  raised  up  high  in  the  middle  where  it  is  about  10  inches 
4ick.  If  the  charcoal  were  exposed  to  the  air,  it  would 
bum  away.  The  walls  at  the  breadth  of  the  cases  are 
now  built  up,  leaving  only  a  hole  in  the  middle  of  each, 
stopped  up  with  loose  brick,  big  enough  to  take  out  a 
trial  bar.  The  mouth  of  the  fire-place  at  each  end  is 
dso  built  up  so  as  to  leave  only  an  opening  of  about  10 
fach^  by  8  to  feed  the  grate  with  fuel  and  stir  the  fire ; 
dns  hole  is  shut  by  an  iron  plate  as  a  door ;  so  that  the 
w  ascends  up  the  ash-hole  and  through  the  bars  to  main- 
tnn  the  fire.  The  fire  is  generally  lighted  on  Monday 
wcning,  and  is  kept  up  as  hot  as  can  be  from  thence 
tiD  Saturday  night,  which  is  about  the  time  that  ten 

•  tans  of  iron  takes  to  be  converted  into  steel.  If  there 
be  more  than  ten  tons,  the  fire  is  put  in  on  Sunday  night. 
Toward  the  latter  end  of  the  time,  the  trial  bar  firom  the 
nfiddle  of  the  cases  at  each  end  is  examined.  When  the 
Process  is  over,  the  fire  is  drawn,  by  removing  the  movea- 
ble bars  between  the  fixt  bars  of  the  grate,  so  as  that  the 

'    fed  tumbles  into  the  ash-hole.     The  whole  then  is  left 
^  to  cool,  which  takes  near  a  week  more.     They  calculate 

to  bum  fi-om  16  to  18  fodder  of  coal,  each  fodder  weigli- 

■ 

^  16  cwt.  and  being  Avorth  four  shillings  sterling,  or 

^'wn  250  to  290  CAVt.  of  coal.     They  say  the  iron  neither 

pins  or  loses  in  weight  by  the  operation.     This  is  bUs- 

i  '«^«/ steel,  and  sold  (the  volume  bears  date  1774)  at  26 

*  28  shillings  the  cwt. 

These  flat  bars  of  steel,  when  cold,  are  drawn  into 
*lUare  bars,  of  about  3-4ths  of  an  inch  thick,  which  are 
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suffered  to  cool  in  the  air,  without  being  plunged  in  water. 
This  greatly  improves  the  appearance  of  the  grain,  which 
before  it  has  undergone  the  tilt  hanuncr,  lias  a  large  grain- 
ed  fracture  more  like  brittle  iron  than  steel.  This  is 
common  steel,  used  for  files,  saws,  scissars,  knives,  Sic 
It  fetches  from  30  to  32  sliillings  the  cwt.  The  ends  of 
each  bar,  where  the  steel  is  usually  not  of  so  good  qua- 
lity as  the  rest,  are  cut  off,  and  diese  are  forged  together 
into  bars  and  made  up  in  bundles  or  faggots  under  the 
denomination  of  sq/t  steel,  which  answers  for  plough-  i 
irons,  the  edges  of  spades,  &c.  and  common  blacksmiths'  1 
work,  I 

To  make  (or  rather  to  imitate)  German  steel,  diey  take 
atruss  often  or  adozen  bars  of  blistered  steel,  they  heat 
them  tc^ether,  covering  them  with  dry  clay  in  powder, 
wluch  seems  to  concentrate  the  heat,  and  prevent  the  ac- 
ticxi  of  the  air ;  die  bars  are  then  taken  out,  and  well 
worked  tc^;ether  under  the  hammer,  and  then  drawn  out 
into  bars  of  a  convenient  size.  This  produces  a  perfect 
imitation  of  the  real  German  steel  in  appearance  and  qua- 
lity, and  is  in  fact  the  same  process  as  is  used  for  the  beak 
steel  in  Styria,  The  heat  is  given  by  coke ;  but  it  would 
perhaps  be  better  with  charcoal ;  indeed  some  manu&Ci 
turers  take  the  blistered  steel,  heat  it  as  above  with  char- 
coal, draw  it  out  into  German  steel,  then  cement  it  over 
again  with  charcoal  dust  as  is  done  to  iron  in  the  first  in^ 
stance ;  they  then  again  draw  it  out  into  bars. 

Other  manufacturers,  take  pieces  of  old  files,  and  it- 
fuse  steel  of  all  kinds,  and  melt  tiicm  in  a  crucible  with  a 
flu^i  of  wluch  they  make  a  secret."  Thusfar  Jars's  account, 

^To  be  continued,  J 
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%paratfveHeightof  the  Mountains  of  the  Earth,  ■ 

the  Moon,  and  Venus*.  ^ 

)ETER,  tlie  learned  astronomer  of  Lilienthal, 
■veral  excellent  telescopes  by  Herschel,  pub- 
e  time  ago  a  work  on  the  height  of  the  hinar  » 

,  as  compared  with  those  of  the  earth ;  and  F 

las  published  a  new  work  on  the  height  of  the  ^ 

of  Venus.  Faujas,  who  not  long  ago  under- 
■ney  into  Germany,  of  the  utmost  importance 
ices,  brought  back  with  him  these  two  works 
;r.  We  there  see  die  manner  in  which  that 
lie  astronomer  makes  his  obser\'ations.     It  is  . 

jectionof  the  shadows  formed  by  these  moun-  f 

they  begin  to  appear  on  their  horizon  in  regard  \, 

rfien  they  iire  about  to  disappear  below  the  ho-  | 

[e  distingui&lics  tlie  mountains  into  diSerent  or-  ' 

te  in  Schroeter's  work  consisted  only  of  outline, 

prcssedthediameter  of  the  three  globes  merely  "" 

t  lines.     The  annexed  delineation  (See  Plate) 

I  by  Alexander  Faujas,  die  son,  who  to  military 

tes  a  btong  attachment  to  the  sciences.     He  has 

le  height  of  the  mountains  more  just,  and,  from 

ig  the  respective  magnitude  of  the  three  globes 

ttcr  estimated.     It  is  here  seen  that  die  moon, 

bout  forty-nine  times  smalltT  than  the  earth,  has 

imorctlian'f  ^*QJsesin  heightf  ;  while  diat 

Draco,  one  o.  .aes  in  Soudi  America,  the 

ountain  of  our  ^  jbe,  is  little  more  than  3000. 

hich  is  less  than  the  earth  by  a  ninth  lias  moun- 

00  toises  in  height.    It  must  here  be  remarked,  ^ 

^st  mountains  on  these  diree  globes  ajipcar  all 

anic. 

lie  Journal  dc  Physique,  Prairial,  An.  7. 

coch  toi»is  tothe  EngUah  bthom  tts  1  to  1-0664. 


J86  Herschell's  Telescope. 

Description  of  IlerschcW s  Forty-foot  Reflecting  Teieseq 

Accompanied  xuith  ari  Engraving. 

THE  Telescope  is  placed  in  a  situation  due  nortli  adj 
south,  and  tlie  plate  delineates  the  Avhole  apparatus  as 
by  a  person  placed  at  a  convenient  distance  from  it  to^ 
the  south-west.     From  this  view  the  structure  is  suffick 
ly  understood ;  and,  with  very  little  attention,  the 
of  pointing  this  immense  body  to  any  part  of  the 
will  be  clearly  seen.     We  shall  treat  of  the  chief 
tlieir  order ;  and  first,  of  tlic  tube  itself. 

The  tube  is  made  of  rolled  or  sheet  iron  joined 
thcr  without  rivets,  by  a  similar  seaming  to  that  whi 
used  for  iron  funnels  for  stoves ;  the  thickness  of  die 
is  somewliat  less  than  a  36th  part  of  an  inch,  or  it 
found  more  accurately  by  taking  a  square  foot  of  it  rf 
weight  of  fourteen  pounds.  Great  care  %vas  taken  iil 
joining  the  plates  of  which  the  tube  is  composed 
that  tlie  cylindrical  form  should  be  secured,  and  then 
whole  was  coated  over  three  or  four  times  widi  paint, 
Bide  and  outside,  to  secure  it  against  the  damp, 
tube  was  formed  at  a  short  distance  from  its  present 
and  removed  Avith  great  ease  by  twenty-four  men,  dh 
ed  into  six  sets ;  so  that  two  men  on  each  side  with  a 
of  five  feet  long  in  their  hands,  to  which  was  affixed  a  pk 
of  coarse  cloth,  seven  feet  long,  going  under  the  tul 
and  joined  to  a  pole  of  five  feet  long,  in  the  hands  of 
otlier  m'^i,  assisted  in  canying  the  tube.  The  length 
the  tube  is  39  feet  4  inches,  the  diameter  4  feet  10  incl 
and,  upon  a  moderate  computation,  it  is  supposed  that 
A\  ooden  tube  for  the  same  puq^osc  would  have  exceedrf 
this  in  weight  by  at  least  3000  pounds.  The  length  i 
(he  iron  plate  forming  the  tube,  and  composed  of  small* 
ones  3  feet  10  inches  long  and  23  1-2  inches  broad,  i^ 
nearly  40  f:vu  iindthe  breadth  15 feet 4  inches. 


b  places  through  the  floor,  and  beuig  terminated 
e  usual  shape  of  speakiiif^-trumpets.  Though  the 
™tte  passes  in  ttiis  manner  through  a  tube  \nth  many  in- 
loctioas,  and  not  less  than  US  feet,  it  requires  very  little 
*4tioa  to  be  well  understood. 
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The  great  mirror  which,    by  proper  methods,  was 
•  brought  to  the  lower  part  of  tlie  tute,  is  made  of  metal, 
49 1-2  inches  in  diameter ;  but  the  concave  part,  or  polish- 
ed sur&ce,  is  only  48  inches  in  diameter.     Its  thickness 
is  3  1-2  inches ;  and,  when  it  came  from  the  cast,  its 
weight  was  2118  pounds,  of  which  a  small  quantity  must 
bve  been  lost  in  polishing.     An  iron  ring,  49  1-2  inches 
yicUameter,  within  4  inches  broad,  and  1  1-8  uich  thick, 
nth  three  strong  liandles  to  it,  goes  round  the  mirror, 
^nd  aflat  cover  of  tin  is  made  to  correspond  to  this  ring 
hat  the  mirror  may  be  preserved  from  damp ;  and,  by 
a  easy  contrivance,  it  is  taken  off  and  fixed  on  at  pleasure. 
At  the  upper  end,  the  tube  is  open,  and  directed  to  the 
art  of  the  heavens  intended  for  observation,  to  which  the 
bacrver's  back  is  turned,  and,  he  standing  on  the  foot- 
Cfiard  visible  in  the  plate,  looks  down  the  tube,  and  pcr- 
itves  the  object  by  rays  reflected  from  the  great  mirror, 
itX)ugh  the  eye-glass  at  riie  oi^eniiig  of  the  tube.     Near 
le  place  of  the  eye-glass  is  the  end  of  a  tin  pipe,  into 
liich  a  moutli-piece  may  be  placcxl ;  so  that,  during  an 
bservation,  a  person  may  direct  his  voice  into  this  pipe, 
"liilst  his  eye  is  at  the  glass.     This  pipe  is  1  1-2  inch  in 
iameter,  runs  down  to  the  bottom  of  the  tube,  where  it' 
Oes  into  a  turning  joint,  thence  into  a  drawing  tube,  and 
**at  of  this  into  another  turning  joint,  from  which  it  pro- 
,^eds  by  a  set  of  sliding  tubes  towards  tlic  front  of  die 
inundation  timber.     The  use  of  this  tube  is  to  convey 
^e  voice  of  die  observer  to  his  assistants ;  for  at  the  last 
wace  it  divides  itself  into  two  branches,  one  going  into  the 
fcservatoiy,  tlie  other  into  the  worknuui's  room,  ascend- 
*uig  in  both  places  through  the  floor,  and  being  terminated 
^  the  usual  shape  of  speaking-trumpets.     Though  the 
Voice  passes  in  diis  manner  through  a  tube  widi  many  in- 
flections, and  not  less  than  115  feet,  it  requires  very  little 
•Exertion  to  be  well  understood* 
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To  direct  so  immense  a  body  to  any  part  of  the  heavens 
at  pleasure,  much  ingenuity,  and  many  mechanical  con« 
trivances  are  evidently  necessarj'.  The  whole  apparatus 
rests  upon  rollers^  and  care  was  previously  taken  of  the 
foundation  in  the  ground.  This  consists  of  concentrical 
circular  brick  walls,  the  outermost  42  feet,  the  innermost 
21  in  diameter ;  2  feet  6  inches  deep  under  ground,  2  feet 
3  inches  broad  at  the  bottom,  and  1  foot  2  inches  at  dv 
top,  capped  with  paving-stones,  about  3  inches  thick, 
and  12  3-4  inches  broad.  In  the  centre  is  a  large  post  of 
oak,  framed  together  with  braces  under  ground,  and  waD- 
ed  fast  with  brick- work,  to  make  it  steady.  Round  thii 
centre,  the  whole  frame  is  moved  horizontally,  by  mieaiii 
of  20  rollers,  12  upon  the  outer  and  8  upon  the  inner 
walL 

The  vertical  moticm  is  given  to  the  telescope  by  means 
of  ropes  and  puUies,  as  seen  in  the  plate,  pas^g  over  the 
main-beam,  suppcxted  by  the  ladders.     These  ladders  aR 
in  length  forty-nine  feet  two  inches ;  and  there  is  a  mov» 
ble  gallery  with  twenty-four  rollers  to  ease  its  modoft 
The  small  stair-case  visible  in  the  plate,  is  intended  fir 
persons  who  wish  to  ascend  into  the  galler}',  witliout  beiflg 
obliged  to  go  up  the  ladder.     The  ease  with  which  lk 
Iiorizontal  and  verdcal  motions  may  be  communicated  to 
the  tube  will  be  best  conceived  from  a  remark  of  Hw^ 
scHELL,  that,  in  the  year  1789,  he  several  thncs  observed  » 
Saturn  t^vo  or  three  hours  before  and  af^  its  meridU^ 
passage,  witli  one  single  person  to  continue  at  his  directiol)^. 
the  necessaiy  h(»izontal  and  vertical  motions.  ^  j 

Upon  the  platform  are  visible  two  rooms,  the  one  caBeii 
the  Observatory,  eight  feet  five  inches,  by  five  feet  fiie 
inches,  the  odier  called  the  Working-room  six  feet  sff 
inches  by  four  feet  five  inches.  To  persons  in  these 
rooms,  as  has  been  above  remarked,  the  observer  can  ^ 
his  directions  by  means  of  the  speakbg-  pipes ;  and  it; 
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rooms  may  be  placed  things,  commonly  used  in  Ob- 
servatories. 

From  a  view  of  the  plate  and  a  description  thus  given 
of  it,  our  readers,  we  presume,  will  form  a  competent 
idea  of  an  instrument,  which,  with  proper  eye-glasses, 
hiagDifies  above  six  thousand  times,  and  is  the  largest 
that .  has  ever  been  made.  Astronomers  in  different 
parts  of  the  world  may  be  discouraged  from  continuing 
their  observations,  when  it  sliould  seem,  diat  their  dis- 
coveries must  be  anticipated  by  Herschell;  but 
Aough  he  has  so  much  the  advantage,  much  is  left  to 
ttdr  labour  and  industry.  It  did  not  require  a  telescope 
this  magnitude  to  observe  the  object  which  was  first 
ered  to  be  a  planet  by  this  Astronomer,  for  it  had 
seen  and  taken  for  a  fixed  star  by  many  persons  in 
tte  two  last  centuries.  And  the  double  ring  of  Saturn, 
!|Hiich has,  indeed,  been  so  beautifully  observed  thit)iigh 
|[£ rschell's  magnifier,  hud  been  already  described  by 
Cassini  in  his  Memoirs.  Such  of  our  readers  as  wish 
for  a  more  accurate  account  of  this  instrument,  will  find 
t  in  the  Transactions  of  the  Royal  Society  for  1795, 
lecond  part;  in  which  there  are  eighteen  plates  and 
ixty-three  pages  of  letter-press,  to  give  an  ample  detail 
*r  every  circumstance  relating  to  joiners'  work,  carpen- 
work,  smiths'  work,  &c.  which  has  attended  the 
n  and  erection  of  this  instrument.  It  was  com- 
i^ed  on  August  28th,  1 789,  on  which  day  the  sixth 
UleHite  of  Saturn  was  discovered. 
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EVAPORATION  IN  VACUO. 

Some  account  of  experiments  in  France,  in  prosecum 
ofPrqfessor  Leslie's  discovery  of  the  method  0/ cm- 
gelation  by  means  of  a  vacuum. 

It  will  be  proper  to  give  some  previous  account  d 
what  has  already  been  done  by  professor  Lteslie,  before  I- 
introduce  the  following  paper  from  the  Journal  de  Phf- 
sique,  of  October  1812. 

The  effects  of  evaporation  in  producing  cold  haveloog 
been  known.  Dr.  Cullen  and  Dr.  Bryan  Hi^ns  applied 
ether  for  this  purpose  by  moistening  slowly  the  bulb  cf 
a  thermometer.  Higgins,  by  this  method,  reduced  the 
mercury  to  40  of  Fahrenheit.  Cavallo  invented  a  vcff  i 
simple  and  ingenious  apparatus  for  freezing  by  means  cf 
ether. 

In  1795  Mr.  Oliver  Evans  suggested  the  possibi% 
of  freezing  water  by  means  of  evaporation  of  ether  k 
vacuo,  but  he  does,  not  appear  actually  to  liave  made  dk 
exi>erimcnt,  though  he  has  suggested  the  means. 

In  1810  or  vexy  early  in  1811,  Professor  Leslie,  i& 
making  some  experiments  in  relation  of  air  and  moil' 
ture,  succeeded  in  freezing  water  in  vacuo,  by  causing 
the  vapour  raised  •  from  die  water  to  be  absorbed  bf 
strong  sulphuric  acid,  the  water  being  contained  int 
small  shallow  dish  about  two  inches  above  the  sudioe 
of  the  acid  :  and  in  the  beginning  of  1812  by  means  of 
an  apparatus  connected  with  an  excellent  air  pump,  ^ 
succeeded  in  freezing  mercury,  by  moistening  the  bA 
of  a  thermometer  with  >vater,  repeatedly,  until  the  ttsU 
was  produced.  Soon  after  his  first  experiment,  he  f^  1 
posed  to  apply  the  principle  in  the  large  way  to  the  !*►  j 
duction  of  ice,  the  concentration  of  juices,  the  diyingo^ 
gunpowder,  Sec. 

In  1811  M.  M.  Clement  and  Desormes,  in  Francev 
proposed  also  the  application  of  the  same  principle  to  ^ 
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same  purposes :  a  brief  account  of  their  memoir  fix>m 
Cuvier's  report  of  the  discoveries  of  the  year  1811, 1  pub- 
lished in  the  Port  Folio,  for  September  1812. 

The  following  paper  presents  us  with  a  new  and  in- 

gemous  method  of  producing  similar  efiects,  by  means 

^  more  adapted  to  common  use.    I  have  translated  it  for 

■  'Ais  work.    T.  C. 

f 

From  the  Journal  de  Physique j  of  October  18 12» 

,      Notice  of  the  effects  of  evaporation  in  vacuo,  and  on 
^''Ae  means  of  producing  a  vacuum  without  em{doying  an 
•Hit pump, by  M.  Honore  Flaugergues. 
*    Tne  academy  of  sciences,  belles  lettres  and  arts  at 
Xyons,  proposed  in  1811  'as  the  subject  of  a  prize  "  The 
Mevelopement  of  the  theory  of  the  congelation  of  water, 
rliy  the  vacuum  of  an  air  pump,  and  of  the  phenomena  ac- 
eompanyHig  this  experiment :  and  also  to  detemune  ita 
-^qi^ikation  to  economical  uses ;  whether  for  the  purpose 
k>f  obtainh^  ice  at  all  seasons  and  in  all  places,  or  of  de- 
fecating viands,  and  milk,  and  inspissating  the  juices  of 
ftuits.'* 

One  of  th9  silver  medals  %vas  decreed  by  the  society  to 
M.  Configliachi,  professor  of  Philosophy  at  Pavia,  for  a 
'^JBcmoir  presented  by  that  gentleman,  wluch  contmned  a 
laimnous  theory  and  beautiful  experiments.     It  is  suffi- 
cient to  mention  here,  that  the  learned  Professor  had  con- 
Krived  by  means  of  an  excellent  air  pump  to  make  a  va- 
|Gmuu  so  perfect,  that  the  simple  congelation  of  water 
^iierein,  produced  a  degree  of  cold  nearly  approaching  to 
jjlliaty  wluch  with  the  assistance  of  merciuy  had  equalled  the 
^degree  of  congelation  of  mercury ;  and  at  length  by  em- 
Jrioying  ether  instead  of  water,  the  mercury  became  solid 
I  thfc  midst  of  summer,  and  the  degree  of  cold,  reached 
to  41  bdow  Zero  of  Reaumur's  Thermometer. 
'}^  'The  society  also  did  me  the  honour  of  presenUog  me 
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with  a  silver  medal  for  some  economical  views  of  dns 
subject  that  I  submitted  to  their  consideration.  A  good 
air  pump,  is  an  instrument  too  expensive  and  too  acaice 
for  common  use ;  and  it  requires  also  much  attendoD 
when  used.  Nor  can  it  be  applied  to  operations  in  tbekDige 
way.  I  have  therefore  endeavoured  to  supply  its  pboe, 
by  a  method  sufficiently  plain  and  simple  to  be  within  Ae 
reach  of  every  body,  by  exhausting  a  vessel  of  akt  hj 
means  ofsteam^  and  then  causing  that  steam  to  be  absorU 
by  sulphuric  acid^  by  dry  pot  ash,  or  by  quick  SmCj  mi 
preventing  the  external  air  from  entering  the  exhauild 
vesseL  It  is  evident  that  such  a  vessel  ou^  to  renun 
empty  of  air ;  and  that  the  vacuum  will  be  more  perfect 
in  proportion  as  the  estimate  of  the  air  has  been  moe  a- 
act*  But  I  have  found  by  means  of  several  experimoii 
made  with  the  utmost  care,  that  by  causing  a  snoaD  qott- 
tity  of  water  to  boil  in  a  vessel,  the  air  may  be  ezpdkd 
and  a  vacuum  f(Hined  so  nearly  perfect,  that  the  leBMJD- 
u^  air  would  not  occupy  a  space  greater  than  the  4645ih 
part  of  the  capacity  of  the  vessel :  an  approximation  whick 
no  air  pump  has  yet  equalled.  Few  air  pumps  even  under 
fevorable  circumstances  are  able  so  to.  rarify  the  air^  as  to 
lower  the  mercury  of  a  manometer  half  a  line  below  its 
level ;  while  in  sdr  rarified  to  the  degree  above  mentioiiedi 
the  mercury  would  stand  at  0,073  only  above  its  kfd. 
(A  manometer  or  manoscope,  is  an  instrument  contrived 
to  measure  the  (/(mn/y  of  the  air :  the  barometer  measufcs 
only  the  weight  of  the  air.) 

For  the  purpose  of  repeating  the  well  known  eitpoi- 
ment  of  Mr,  Leslie,  cm  the  congelation  of  water  in  vaciA 
by  the  means  I  propose,  we  may  proceed  thus.  Take  I 
bell  glass  or  any  glass  receiver ;  drive  out  the  air  by  bo3' 
ing  in  it  when  turned  upside  down,  a  small  quantity  d 
water,  or  by  placing  it  on  a  trough  full  of  boiling  wiWf 
or  by  introducing  under  it  or  withhsid?,  any  body  banij^ 
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to  the  state  of  incandescence  whereon  you  may  project  a 
few  drops  of  water :  so  soon  as  it  is  completely  filled  with 
steam,  turn  it  quickly  with  its  mouth  downward  upon  a 
plate  or  dish  whex^eon  you  have  previous^  placed  two 
cssfisules,  the  one  containing  concentrated  sulphuric  acid, 
the  other  water.  There  should  be  a  border  of  wax  soften- 
ed with  turpentine  into  which  the  edge  of  the  inverted 
bell  glass  should  be  pressed,  to  exclude  the  access  of  ex- 
ternal air ;  and  the  wax  should  also  be  pressed  close  to 
the  edge  of  the  ^ass.  Theoil  of  vitriol  will  soon  absorb 
the  vapour,  and  if  the  experiment  has  been  neady  con- 
ducted, the  other  capsule  contsdning  water,  will  exhibit 
tbe  paradoxical  appeanoice  of  ice  formed  by  the  means 
of  boiling  water. 

The  advantage  of  being  thus  able  to  procure  ice  at  all 

.seasons  and  in  aU  situations,  may  be  consida:ed  as  more 
curioiui  than  useful.  But  a  method  of  operating  in  the 
ktge  way  upon  the  same  jninciple,  without  the  aid  of  an 
air  pump,  and  by  means  of  which  meat,  fish,  milk,  &c. 
may  be  dried,  the  juices  of  fiiiits  and  saline  solutions  con- 
centrated so  as  to  serve  the  purposes  of  general  c(Hiveni- 
ance,  is  what  I  mean  to  propose. 

I  have  discovered  that  steam  may  be  raised  by  throw- 
ing water  oa  ignited  substances,*  and  that  steam  may  be 

.  absorbed  by  substances  proper  for  the  purpose  in  large 
boxes  or  chambers.  The  vacuum  thus  produced  will 
remsun  a  considerable  time,  provided  the  boxes  are  exact- 
Jy  jointed,  made  of  compact  wood,  and  covered  on  the 
outttde  with  three  oc  four  coats  of  fat  varnish,  or  amber 
vanuah.  Nor  will  the  pressure  of  the  atmosphere  pass 
through  a  stone  wall,  if  made  of  vitrifiable  stones  (quart- 
zose)  or  of  basalt,  cemented  by  mastic :  (that  is  I  presume 
not  varnish  made  of  masdc,  but  any  resinous  cement.) 
Hence  fix*  the  purpose  of  using  tlus  new  method  of  desicca- 
tiOD|  coUitcv^siDsy  be  employed,  where  the  subjects  will 
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be  dried  more  readily  than  by  means  of  fire,  and  wifi  not 
experience  those  changes  which  the  action  of  heat  never 
fails  to  produce.  Moreover,  tliis  method  of  evapcvating 
requires  hardly  any  expence,  for  the  sulphuric  acid  or  the 
potash  made  use  of,  need  only  be  exposed  to  fire  to  drive 
off  the  moisture  they  have  imbibed,  without  any  loss  rf 
the  articles  themselves. 

This  new  method  of  evaporating  in  vacuo,  may  also  bt 
applied  with  success  to  the  distillation  of  spirituous  liqucv^ 
as  I  have  satisfied  myself  by  some  trials  made  with  thij 
view.  Having  by  means  above  described  driven  out  aU 
the  air  contained  in  the  head  of  an  Alembic  to  the  beek  of 
which  I  had  luted  a  matrass,!  placed  the  head  uponaplatc 
ivhereon  there  were  also  placed  a  capsule  full  of  sulphuric 
acid,  and  another  of  weak  spirit  of  wine,  I  carefully  luted 
the  junctures,  the  spirit  of  wine  ^vas  raised  in  vapour,  iht 
watery  part  or  phlegm  was  absorbed  by  the  acid  of  vitriol, 
and  the  rectified  spirit  was  distilled  into  the  matrass  by  the 
sole  heat  of  the  atmosphere,  which  was  at  that  time  Erom 
18  to  20.  (72  to  77  of  Fahrenheit  if  Reaumur's  scale  b( 
meant,  and  64  to  68  of  Fahrenlieit  if  Celsius's  or  the  Ceo- 
tyrade  thermometer  be  meant.  I  am  in  doubt  wtucb  ■ 
Keferred  to  here.) 

This  metliod  of  distilling  by  evaporation  without  fin 
seems  to  me  too  much  neglected  at  a  time  when  the 
scarcity  of  fuel  renders  it  desirable  to  diminish  the  coo- 
sumption  as  much  as  possible.  (Mr.  Watt  while  makii^ 
experiments  on  steam  during  the  invention  of  the  im- 
provements made  on  the  steam  engine  by  himself,  made 
also  many  experiments  to  distill  in  vacuo,  but  withoutsiK- 
cess  in  a  large  way.  T.  C.) 
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•  NUTRITION  OF  VEGJ^TABLES. 

Of  ail  the  inve9tigatioiu  hitherto  fiubltBhrd  on  the  Theory  qf  Vcgeta- 
l&n,  I  know  of  none  that  fumiahee  rchultf  so  curious j  of  so  imtiOT" 
iOnt  to  Vegetable  Physiology^  as  the  foUovnng  fiaper  of  M,  Bra^ 
cannot  "  On  the  Assimilating  Power  of  Vegetables  ;"  abridged 
from  the  Anmdes  de  Chende,  vol.  Ui.  fi,  187.  Feb.  1807.  The 
ejcfieriments  must  be  varied  and  repeated,  before  they  can  be  con- 
mdered  as  conclusive.  But  should  they  be  found  trucj  they  will  go 
a  great  way  to  induce  us  to  believe^  that  fiotassj  and  even  carbon^ 
are  eomfioundsj  and  firoducts  of  vegetable  organization  formed  out 
ff  oxygen^  hydrogen  and  Ught.     See  18  Mch.  Jour.  15. 

PHTTOLOGISTS  for  a  long  time  imagined,  that  vegeta- 
bles were  nourished  by  certain  juices,  which  they  extracted  rea- 
ff  fbnned  from  the  earth.  Van  Helmont  in  great  measure  re- 
listed thi«  by  his  celebrated  experiment.  In  a  box  containing 
too  Ibe.  of  earth,  and  covered  with  lead,  he  planted  a  wi^ow, 
vaighing  50  lbs.  This  he  watered  with  distilled  water,  and  in 
five  years  it  had  acquired  an  addition  to  its  weight  of  119  lbs. 
3  oz.  without  any  perceptible  diminution  of  the  earth.  The  ex- 
periments of  Boyle  with  earth  baked  in  an  oven,  and  those  of  Du- 
hamel.and  Bonnet  with  moss,*  prove  the  same  thing.       'y\ 

Other  natural  philosophers  have  pursued  the  same  If^^lilt^t 
Tillet,  in  particular,  made  a  number  of  experiments,  to  ■■r'ifflrin 
whether  water  and  air  were  the  only  substances  ntetmtff  tor 
the  growth  of  plants.  He  filled  several  pots  with  diflhMit'  ear- 
thy matters,  some  with  old  plaster,  others  with  pure  river  sand, 
fragments  of  stone  broken  to  powder,  Sec. ;  buried  them  partly 
in  the  ground,  to  retain  the  moisture  ;  and  sowed  wheat  in  them. 
The  wheat  produced  very  fine  ears ;  and  the  grains,  being  sown, 
produced  other  fine  plants. 

From  the  infant  state  of  chemistry,  at  the  time,  however,  none 
of  the  plants  produced  by  means  of  air  and  water  alone  were  ana- 
lysed. This  indeed  has  since  been  done ;  and  it  has  been  ad- 
Tanced,  that  plants  growing  in  such  a  manner  as  to  have  been 
nourished  by  water  alone,  did  not  furnish  as  much  carbon  as  was 

*  Mr.  Procopius  Denaidofrof  Moscow,  sows  seedB  in  moss,  where  they 
fenninate,  tnd  then  plants  them  in  pots.  In  this  way  he  loses  very  few  seeds 
«r  thoM  that  grow  with  most  diiR^ilty.    Mte  rf  Prof.  HUbnett. 
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contained  in  the  seeds  from  which  they  sprung  ;  wbile  those  k 
mould  w«i*e  much  more  vigorous)  in  consequence  of  the  cariMi 
with  which  it  furnished  their  roots.  But  these  expeiimentiwcn 
on  too  small  a  scale  to  furnish  satisfactory  results ;  and  I  han 
therefore  attempted  to  investigate  the  subject  anew*  in  order  to 
ascertain^  how  fieur  this  opinion  is  well  founded. 

As  a  preliminary  step,  I  conceived  it  necessary  to  analyse  veffr 
table  mould  in  a  state  of  perfect  decomposition.  For  this  purp^ll 
I  selected  perfectly  pure,  blacky  pulverulent  mould,  fromatt^( 
the  hollow  roots  of  a  very  old  tree.  Distilled  water,  in  wUck 
it  was  boiled,  remained  colourless  after  filtration,  and  on  beiB| 
evaporated  left  no  sig^  of  any  soluble  matter. 

A  hundred  grammes  [3^  oz.]  were  reduced  by  dessJcatJcii  H 
20,  which  shows  it  to  be  extremely  retenUve  of  water. 

These  20  gr.  distilled  at  a  red  heat,  gave  out  4  of  water,  tkrt 
powerfully  reddened  infusion  of  litmus ;  and  contained  empynip 
matic  acetous  acid,  partly  saturated  with  ammonia ;  3  of  an  mil 
oil,  that  congealed  on  cooling,  and  was  of  a  dark  browq^cokMr; 
89  iftibic  inches  of  oily  hydrogen  gas,  burning  with  a  blue  flaiBt( 
and  34  cubic  inches  of  carbonic  acid  absorbed  by  lime. 

The  coally  residuum  weighed  8*5  grammes,  which  were  l^ 
duced  by  incineration  to  2*4  gr.  of  light  yellow  ashes. 

Boiiing  distilled  water  digested  on  these  ashes  acquired » 
pecjvJO^.  taste,  did  not  turn  syrup  of  violets  green,  and  wasbirt* 
ly  i^qadcged  turbid  by  the  addition  of  a  few  drops  of  oxalic  aoi 
whiq)^«t|(|pPLed  to  indicate,  that  a  few  particles  of  lime  had  bed 
set  frai(jj^the  calcination.  The  nitrates  of  barytea  and  of  sihtf 
produced  no  change  in  it.  On  farther,  analysis  these  aahea  aflRMd* 
ed  1*3  of  a  gr.  of  silex,  *2  of  oxyde  of  iron  containing  a  little  ei^ 
yde  of  manganese,  -25  of  phosphate  of  lime,  *2  of  lime,  and  aopi 
traces  of  magnesia. 

I  boiled  6  gr.  [92  grains]  of  the  same  mould  for  an  houri  fit 
strong  solution  of  caustic  potash,  when  it  became.glutinousi  ^ 
swelled  up.  I  then  diluted  it  with  water  filtered,  and  obtidni^a 
very  deep  brown  liquor.  This  niixed  with  the  lixiviating  n* 
ters  gave  on  the  addition  of  an  acid  a  precipitate,  that  ireighol 
1  gr.  when  dried.  It  was  of  a  very  black  colour,  afid  in  li([fi 
shining  scales.  Scarcely  any  vapour  arose  from  it  when  throVB 
on  burning  coals,  and  I  consider  it  as  charcoal  well  aatoratodnilk 
hydrogen  Art  may  imitate  this  substance,  by  effecting  by  fi|9 
what  nature  does  by  time.    If  we  deprives  yegetablo.subMOOi 
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most  all  its  oxyg;en9  ^nd  a  sm&ll  quantity  of  its  hydrogen,  by 
>sing  it  to  a  certain  temperature,  the  result  will  be  a  hydro* 
sited  charcoal,  partly  soluble  in  potash,  as  I  have  found  by 
mence.  * 

bat  part  of  the  mould,  which  had  resisted  the  actioti  of  pot* 
weighed  when  dried  5  gr.  It  had  no  longer  the  physical 
meters  of  mould ;  was  in  pieces  that  were  tolerably  hard  and 
le ;  and  had  a  striking  resemblance  topitcoal,  which  led  me 
reduce  it  in  larger  quantity.  In  this  way  it  had  still  such  a 
o^lance  to  coal>  that  I  could  compare  it  to  nothing  else, 
rmn  this  examination  of  mould  it  appears,  that  it  cannot  sup* 
plants  with  any  soluble  matter  for  their  nutrition,  since  boil- 
water  has  no  action  on  it.  It  would  be  superfluous  to  say, 
seeds  sowed  in  it  vegetated  with  extraordinary  vigour;  but 
1st  not  omit  to  mention  the  presence  of  a  large  quantity  of 
■h  in  the  plants,  though  I  could  not  detect  any  in  the  mould 
hich  they  grew,  by  the  most  strict  researches, 
hese  observations  appear  to  corroborate  the  opinion  of  T^let 
Parmentier,  who  consider  manure  as  useful  only  by  rettn- 
moisture,  and  keeping  strong  soils  open  for  tome  time,  so  as 
How  the  roots  of  plants  to  penetrate  them.  But  if  water  and 
>e  the  only  sources  of  the  food  of  plants,  any  insoluble  mat- 
sufficient  in  quantity,  and  duly  watered,  must  be  adequate  to 
purpose  of  their  growth.  This  I  endeavoured  to  ascertain 
zperiments. 

zp.  I.  In  a  box  filled  with  pure  litharge  I  sowed  400,  seeds 
lute  mustard,  weighing  2-2  gr.  These  I  watered  freqpiently 
carefully  with  distilled  water.  The  box  was  placed  in  a 
t  aspect,  and  a  glass  was  hung  over  it  to  keep  out  the  dust. 
( plants  throve  very  well,  and  produced  perfect  pods.  I  col- 
^  all  the  seminal  leaves  as  well  as  the  rest  that  dropped  off; 
when  the  vegetation  was  at  its  height,  pulled  up  the  plants. 
Ilig  well  washed  the  roots,  to  remove  any  portions  of  oxyde  of 
f  and  wiped  them  dry,  the  whole  weighed  264  gr.  After  they 
t  dried,  the  weight  was  34*2  gr. 

Iwse  yielded  12  gr.  of  coal,  which  by  incineration  were  redu- 
to  4-2  gr.  of  ashes.  These  lost  by  lixiviation  2*2  gr. ;  of 
^  •59  gr.  were  sulphate  of  potash,  *69  gr.  potash.  The  inso- 
s  residuum  afforded  *4  gr.  of  silex;  *45  gr.  of  oxyde  of  iron, 
linC}  and  phosphate  of  lime,  the  proportions  of  which  were 

Pp 
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not  determined ;  *57  gr.  of  oxyde  of  iron ;  and  a  very  small  ^ 
Uon  of  magnesia. 

Exp.  lU  In  a  very  large,  deep,  and  perforated  bowl  of  ttiMi 
ware,  filled  with  well  washed  flowers  of  sulphur,  250  seeds  tf 
white  mustnrd  were  sown.  The  whole  was  covered  withalaiip 
bell  glass,  allowing  free  access  to  the  air  and  light.  The  pbNtI 
grew  vigorously,  being  frequently  watered  with  distilled  wittr; 
as  sulphur,  having  little  affinity  with  water,  parts  with  it  fCff 
easily,  and  dries  on  the  surface.  They  produced  flowers  in  tol- 
erable abundance,  and  the  seeds  produced  plants  in  comiBn 
ground.  The  weight  of  the  fresh  plants,  with  the  fallen  leavOi 
was  108  gr. ;  and  when  dried  18*6  gr.  Their  coal  weighed  M 
gr.  and  left  1*55  gr.  of  whitish  ashes,  which  afforded  by  tixifii' 
tion  -6  gr.  of  carbonate  and  sulphate  of  potash.  The  insolubto 
part  was  similar  to  that  of  the  former. 

Exp  III.  A  hundred  seeds  of  white  mustard  were  sown  io 
twenty  pounds  of  very  small  unglazed  shot,  on  the  9th  of  Jflly* 
On  the  38th  of  August  they  began  to  flower,  and  afforded  snull 
podi.  All  these  plants  were  slender,  and  had  but  few  and  siml 
leaves.  When  fresh  they  weighed  10  gr.  and  after  being  driel 
2.3  gr.  they  yielded  very  little  coal,  but  more  than  the  weight  rf 
the  seed.  The  weight  of  the  shot  appeared  to  oppose  too  g;raC 
an  obstacle  to  the  young  roots,  as  most  of  them  spread  over  tke 
surface,  without  being  able  to  penetrate  it.  The  little  afiuiitf  sf 
the  lead  for  water  was  anotlier  reason  of  the  feeble  growth  of  tho 
plants ;  and  hence  I  have  found,  that  plants  thrive  less  in  metilfc 
powdtfrSf  than  in  their  oxyds. 

Exp.  IV.  On  a  fiat  stone  pavement  a  bed  was  formed,  about  s 
yard  high,  of  fine  sand,  taken  immediately  from  the  bed  of  the 
river,  and  well  washed.  In  this  were  sown  seeds  of  the  coisSBB 
radish  {rafihanus  sativtui)  which  were  frequently  watered  vith 
perfectly  pure  rain  water,  and  the  plants  grew  with  as  mttdiii' 
gour  as  they  would  have  done  in  any  ground.  The  greater  ptft 
of  the  radishes  were  brought  to  table,  and  were  of  a  very  delioM 
flavour,  without  any  of  the  disagreeable  earthy  taste  tbey  ImH 
sometimes.  Some  of  them  were  left  to  seed  ;  and  most  of  theie 
grew  to  the  height  of  2  feet  or  2^.  It  was  observed,  that  thoseit 
the  top  of  the  heap  were  much  larger  and  stronger  than  thoie 
near  the  bottom.* 

*  A  skilful  gardener  informs  me,  that  asparagris  too  will  succeed  veiy^ 
in  pure  river  sand.  Potatoes  also  grow  well  in  sand,  and  are  said  to  bebctf^' 
tasted. 
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• 

6ixty-thrcc  of  these  plants  when  dried  weighed  372  gr.  Inci. 
Berated  they  left  54  2  gr.  of  gray  ashes.  These  afforded  by  lixivi- 
adoD  18  6  of  very  fine  potash.  From  this  I  am  inclined  to  thinks 
tiMt  the  radish  might  be  cultivated  ^ith  advantage  on  wjt  sandy 
places  by  the  sea  shore,  for  the  purpose  of  fabricating  potash.* 

>These  18.6  gr.  being  farther  analysed,  were  found  to  contain  6*7 
Hof. pure  potash;  7-35  of  sulphate  of  potash;  a  small  quantity  of 

■^lihosphate  of  lime ;  and  the  rest  was  carbonic  acid. 
•    The  residuum  left  after  lixiviating  the  ashes  appeared  to  con- 

•tain  sulphur,  as  on  pouring  nitric  acid  over  it  sulphuretted  hydro- 
f^en  was  given  out ;  but  \  could  not  find  any  phosphoric  acid  in 

~il^  I  did  not  examine  it  for  the  earths^  as  tliese  might  have  been 
«aid  to  have  been  taken  up  from  the  sand. 

'  *  It  appears,  that  potash  abounds  in  all  tlie  plants  of  the  class  tetradjna- 
and  the  ashes  of  some  of  the  species  wei^  long  in  use  for  making  soap  and 
I,  before  the  introduction  of  soda  as  an  article  of  trude.    According  to 
%  the  bunias  a»kile,  sea  rocket,  was  much  employed  for  these  pui'poses. 

^    ]  must  here  add  an  observation,  w  hich  appears  to  me  pretty  general,  and 

^wfaich  I  made  in  examining  the  acrid  and  bitter  properties  of  plants.  One  or 
#ther  of  these  principles  I  have  almost  always  found  in  conjunction  with  a 
Jargt;  quantity  of  potash,  which  was  frequently  saturated  with  niti-ic  acid. 

"Thus  among  the  cruciferous  plants,  which  are  all  more  or  less  acrid,  the  si- 
symbrium na^m'tium,  common  water-ci'ess,  al&rded  me  a  great  deal  of  alka- 

'  line  matter  afler  incineration  ;  and  when  fi-esh  I  found  in  it  nitrate  of  potash. 
J  have  obsei^ed  the  nitre  melt  on  incinerating  cabbages  and  turnips  ;  and 
Mr.  Delaville  fiaund  this  salt  in  large  quantity  in  the  sup  of  these  plants. 
Jtf r.  Bouillon-Lugiange  found  a  large  quantity  of  polnsh  in  the  ashes  of  tlie 
erigeron  canadense,  Canada  fieabane,  which  is  acrid.  The  ashes  oi  tobacco, 
the  acrimony  of  which  is  well  knouni,  yield  40  per  cent,  of  potash.  Among 
ihc  bitter  plants  I  have  examined,  T  found  nitrate  of  potash  in  the  fumitory, 
loo  parts  of  the  ashes  of  which  contain  more  tlian  36  soluble  in  water,  ac- 
cording to  Wiegleb  and  Rukert  The  common  centaury,  marsh  and  Siberian 
treibily  and  diflferent  species  of  the  genus  centaurea,  which  are  very  bitter, 
f(fibrd  ashes  in  which  potash  abounds.  Wliether  in  these  plants  it  be  satura- 
jted  with  nitric  acid  I  have  not  ascertained.    1  must  observe,  however,  tliat  I 

'^ve  found  no  nitric  acid  in  wormwood,  100  parts  of  the  ashes  of  which  afford 
nearly  IS  of  saline  matter,  according  to  Wiegleb,  This  large  quantity  of  al- 
kali has  appeared  to  me  to  be  partly  saturated  with  a  piituliar  matter,  which 
is  deposited  by  a  decoction  of  the  fresh  plant,  and  may  be  precipitated  abun- 
dantly by  nitrate  of  lead.  This  matter  dissolves  very  well  in  alkalies  neutra- 
lising part  of  their  properties  :  it  is  the  same  that  Mr.  Vauquelin  hat  found 
m  aome  species  of  cinchona.  Does  it  exist  in  all  bitter  plants  ?  and  is  it  this 
viiich  in  dnchona  and  worm-wood  cures  intennittentand  low  tevers  ? 
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Having  thus  examined  these  plants,  I  thought  it  might  not  b? 
amiss  to  compare  their  produce  with  that  of  some  others,  wbicli 
had  grown  in  common  garden  mould.  Of  these  dried  Z7%  gr.ifr 
forded  but  34  of  ashes,  which  it  is  true  were  very  salinCf  ,mi 
yieidedns  gr.  of  saline  matter,  consisting  of  carbonate  and  fldr 
phate  of  potash.  In  the  incineration  of  these  plants  too  I  obsetif  J 
ed  a  very  copious  production  of  ammonia,  on  pouring  a  little  1%^ 
ter  on  their  ashes  while  still  hot.  . ;, 

But  whence  come  these  earths,  alkalies,  acids,  metals,  sulpba^ 
phosphorus,  found  in  plants,  that  have  had  no  aliment  but  pisi 
water?  Can  vitality,  in  conjunction  with  li^ht  and  beat,  det»- 
mine  certain  quantities  of  oxygen  and  hydrogen  to  form  by  pe>. 
cnliar  condensations  those  substances  which  have  been  consider 
ed  as  simple  ?  this  might  put  us  on  examining  in  a  new  point  i{ 
view  all  those  substances,  that  chemistry  has  not  yet  been  afa|i 
to  decompose,  and  thus  perhaps  the  conjectures,  that  have  bM|, 
advanced  by  aome,  may  be  verified.  \\ 

We  may  even  extend  these  remarks  to  animalization,  suppoil>" 
ed  by  the  well  known  experiment  of  Rondeletius,  who  kept  f^, 
fish  in  pure  water,  till  it  grew  too  large  for  the  vessel  contaiir 
ing  It,  and  by  other  siinilar  experiments  on  different  animals.  1^,^^ 
would  even  seem,  that  food  acts  on  the  stomach  in  a  great  ra«r« 
sure  as  mould  does  on  the  roots  of  plants,  merely  retaining  watff 
in  such  a  state  of  division,  as  to  fit  it  for  absorption  and  assimik 
tion. 

From  what  has  been  said  it  appears,  t|)at  foreign  matters  fr 
solved  in  water  only  check  the  progress  of  vegetation ;  but  thil 
the  vital  powers  can  sometimes  surmount  these  obstacles,  ap|ii»> 
priating  only  the  pure  water,  that  held  these  matters  in  soluUtt^ 

)f  experiments  founded  on  long  practice  were  still  necessary  H 
prove,  that  the  soil  is  so  much  the  more  proper  for  vegetation  k^ 
proportion  as  it  is  deprived  of  soluble  foreign  matter,  I  woiU 
mention  the  practice  of  paring  and  burning  wastes,  used  c]M^ 
in  England.    Lands  thus  treated  remain  m  heart  a  long  tinn^ 
the  parts  where  the  heaps  of  sur&ce  mould  were  burned  tft: 
most  fertile ;  and  manure  even  appears  to  be  injurious,  by  cam* 
ing  the  wheat  to  run  chiedy  to  straw,  with  thin  ears,  and  those  rf 
bad  quality. 

This  extraprdinaiy  eflfect  of  tort'e&ction  on  the  soil  appears  H 
me  attributable  to  the  combustion  of  those  excrementitious  nutr 
tersi  which  are  ejected  by  the  roots  of  plants.    When  the  soil  i| 
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npregnated  with  these  tQatters,  which  are  eminently  injurious 
I  vegetation,  the  perfect  deyelopement  of  plants  is  prevented. 
*hiM  excretion  from  the  roots  is  evident  from  the  surrounding 
irtii,  which  becomes  unctuous,  and  sometimes  of  a  dadser  co- 
mr.  In  several  of  the  euphorbiums  and  cicoraceous  plants  it  is 
nj  perceptible,  and  milky.  It  may  be  observed  too,  that  roots, 
hen  they  multiply  under  water,  become  covered  with  a  glairy 
Mtter,  which  deserves  to  be  examined ;  and  which  no  doubt  the 
irth  would  have  absorbed,  had  the  roots  remained  buried  in  it. 
t  is  to  these  excretions  from  the  roots  perhaps  we  must  frequent* 
r  ascribe  that  kind  of  antipathy  between  certain  plants,  which  are 
sver  found  together.  Thus  the  thistle  is  injurious  to  oats, 
Mphorbium  and  scabious  to  flax,  elecampane  to  carrots,  fleabane 
id  darnel  to  wheat,  &c. 

^  It  would  certainly  be  wrong,  to  ascribe  the  fertility  of  land 
Ifed  and  burned  to  the  charcoal  produced  in  this  operation  \  for 
|r»  Chaptal  has  shown,  that  dry  charcoal,  alone  or  mixed  with 
irths  of  little  solubility,  does  not  penetrate  into  the  vessels  of 
igeubles. 

-  To  add  to  the  proofs,  that  vegetables  have  no  need  of  drawing 
arbon  from  the  earth,  I  might  mention  high  trees,  loaded  with 
ruit,  that  grow  and  thrive  on  rocks  or  old  walls,  totally  destitute 
f  vegetable  mould ;  and  those  vast  forests,  the  soil  of  which  is 
Rire  sand  extending  far  beyond  the  roots. 

I  have  now  to  examine  the  opinion,  that  vegetables  absorb 
heir  carbon  from  the  small  quantity  of  carbonic  acid  contiuned  in 
lie  atmosphere.  Sennebier  first  announced  this  decomposition ; 
Ml  T.  Saussure  afterward  endeavoured  to  prove,  that  this  very 
OBsll  quantity  would  be  sufficient  for  all  the  vegetables  that 
adst  But  though  this  philosopher  was  persuaded  of  the  utility 
if  carbonic  acid  in  vegetation,  he  satisfied  himself,  that  plants 
iMid  grow  in  an  atmosphere  freed  from  it ;  and  he  ascribed  this 
IINnrth  to  the  carbonic  acid  produced  by  the  plants  themselves, 
Ifcich  they  decomposed  after  having  formed  it.*  To  prove  this 
Ik  exposed  to  the  sun  closed  receivers,  in  which  plants  were 
ptywing,  and  suspended  quicklime  to  the  upper  part  of  them. 
n»  plants  soon  grew  yellow,  and  at  the  expiration  of  five  days 

*  *  It  b  obrioos,  that  the  carbonic  acid  fonned  by  the  plants  coold  not 
itaish  them  with  more  of  its  base  than  it  bad  premusly  taken  kos^ 
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gave  DO  sig^s  of  vegetation  ;  whence  he  inferred,  that  theabsnrp 
tion  of  carlx>nic  acid  by  the  lime  was  the  cause  of  their  death,  and 
that  the  elaboration  of  this  acid  was  necessary  to  vegetation  in  tke 
sun.  But  I  cannot  be  of  his  opinion.  I  have  examined  the  ei- 
pcriment  carefully,  and  satisfied  myself,  that  the  death  of  ths 
plants  was  not  owing  to  the  privation  of  carbonic  acid  alone,  Int 
to  the  lime  itself  in  vai>our. 

The  following  experiments  convinced  me  of  the  volatiliqrof 
lime. 

1.  Paper  tinged  by  repeated  immersion  in  infusion  of  litnNii 
then  reddened,  and  afterward  washed  in  water  to  remove  its  ei- 
cess  of  acid,  was  suspended  in  a  stopped  phial,  into  which  I  bad 
put  with  great  caution  some  lime,  that  was  slaked,  and  suitiHf 
moistened  with  water.  It  was  not  long  oefore  the  red  colour  af 
the  paper  was  changed  to  blue.  This  effect  was  not  unknowiW 
Fourcroy. 

2.  Into  a  retoit  I  put  with  all  possible  precaution  a  certHl 
quantity  of  lime  and  water,  and  by  distillation  t  obtained  a  liqW 
impregnated  with  an  intolerable  smell  of  lime.  This  liquor  kl 
a  disagreeable  impression  on  the  palate,  and  had  manifestly  alka- 
line properties. 

Alcohol  by  its  yolatility  carries  up  in  vapour  a  much  larfir 
quantity  of  lime,  as  appears  from  an  experiment  of  Proust  b 
order  to  obtain  spirit  free  from  acetic  acid,  he  distilled  25lbfr^ 
red  wine  with  a  handful  of  quicklime.  The  product  was  so  muck 
impregnated  with  the  taste  and  smell  of  the  lime,  that  he  «•> 
surprised.  When  redistilled  it  had  the  same  taste,  precipitaM^ 
metallic  solutions  and  oxalic  acid,  and  restored  the  blue  of  litiitf> 

Lime  is  not  the  only  fixed  alkali,  that  shows  a  disposilioa  10 
rise  at  a  pretty  low  temperature. 

A  solution  of  potash,  subjected  to  distillation,  afforded  MB  i 
water  with  a  strong  lixivial  smell.  This  water  redistilled  n^ 
ed  the  same  smell,  and  gave  with  nitrate  of  lead  a  white  fioccvW 
precipitate,  which  was  completely  soluble  in  distilled  vinegar. 

But  there  are  other  substances  besides  alkalies,  the  volatilkf 
of  which  is  so  little  apparent  in  the  temperature  of  the  attM*^ 
phere,  that  it  is  discoverable  only  from  its  effects  on  orgtniia^ 
beings. 

Some  Dutch  chemists  set  plants  in  water,  by  the  side  of  wbicli 
they  placed  a  small  bottle  of  mercury,  and  covered  the  whole  «>t^ 
a  jar  standbg  in  water.    On  the  third  day  the  plants  were  co* 
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ered  with  black  spots,  and  on  the  fourth)  the  fifth,  or  at  latest 
Ne  sixth,  they  were  entire^ black.  The  effects  were  the  same 
rhen  the  jar  rested  on  pieces  of  cork  on  a  table.  Other  plants 
Ted  a  long  time  under  similar  circumstances  except  the  pre- 
Mice  of  mercury. 

''Sennebier  and  Hubert  too  have  shown,  that  the  yapour  of  sul- 
baric  ether  prevents  germination  from  taking  place,  without  al- 
Iring  the  quantity  of  the  air.  Camphor,  oil  of  turpentine,  assa- 
Kida,  vinegar,  ammonia,  bodies  in  a  state  of  putrefaction,  Sec, 
•ive  the  same  effect.  Hence  we  tiiay  infer,  that  all  those  mat- 
ers, which  are  injurious  to  animals,  sensibly  affect  vegetables 
kewise. 

-  -  We  cannot  therefore  lay  much  stress  on  Saussure's  experi- 
■enCtf  to  show  the  utility  of  carbonic  acid  in  vegetation,  particu- 
■rly  when  we  recollect  an  experiment  of  Priestley's,  which 
ipoved  that  an  atmosphere  with  an  eighth  part  of  carbonic  acid 
Aft  sufficient  to  kill  two  plants  of  mint,  though  this  small  quanti- 
|f  ef  acid  was  in  contact  with  a  large  surface  of  water, 
•(Having  found  by  experiment,  that  seeds  germinate  very  well 
b  oxydes  of  lead,  which  are  known  to  be  greedy  of  carbonic  acid, 
I  conceived,  that  these  might  contribute  to  elucidate  the  question 
Inspecting  the  utility  of  carbonic  acid  in  vegetation.  In  conse- 
pience  I  moistened  with  distilled  water  some  recently  prepared 
Ixyde  of  lead  in  the  first  stage  of  oxydation.  This  mixture  I  in- 
troduced speedily  into  a  flint  glass  bottle  :  and  though  the  disa- 
preeable  and  as  it  were  alkaline  smell  that  arose  from  it,  led  me 
li  doubt  the  success  of  my  experiment,  I  sowed  some  mustard 
leed  ittthis  oxyde,  and  corked  the  bottle  tight  As  I  foresaw,  no 
prminatioD  took  place  :  but  what  I  was  far  from  expecting,  and 
»  my  great  surprise,  part  of  the  oxyde  of  lead  in  the  water  was 
reduced  by  the  seeds,  each  of  which  was  enveloped  by  a  shining 
XNit  of  metallic  lead.  This  appeared  to  me  to  be  very  probably 
»wing  to  a  production  of  water  by  the  union  of  the  oxygen  of 
lie  oxyde  with  the  large  quantity  of  hydrogen,  that  is  condens- 
ed in  this  oily  seed,  which  after  the  reduction  was  more  or  less 
:«rt)onized. 

If  the  oxyd  of  lead  be  left  exposed  to  the  air  for  some  time  af* 
ler  It  is  made,  and  then  put  into  a  bottle  with  water  and  seeds,  no 
Mdaction  of  the  metal  will  be  effected,  but  germinatien  will  take 
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turgh,  proving  that  starch  may  be  converted  into  suggirbylk 
Action  of  diluted  sulphuric  acid,  have  been  eagerly  repeated  bf  Ik 
■moK  distinguished  chemical  philosophers  in  Europe.  Tbb  » 
■Vular  conversion  is  produced  hy  boiling  100  ports  of  starch  wiA 
^400  of  water,  and  fi-om  two  to  eight  parts  of  strong  sulphuric  nit, 
Jbi  an  ungluzed  earthen  vessel,  for  a  period  of  from  34  to  36  hon> 
constantly  stirring  the  mixture  during  the  first  hour,  (afHrwhidl 
il becomes  more  fluid)  and  carefully  maintBtning  th .:  origiiMl  quia- 
fity  of  water  by  adding  more  as  it  is  wasted.  Upon  growing  cold 
tiie  mixture  must  be  neutralized  with  chalk,  and  cUhBcd  bf 
diarcoal ;  filtrated  through  flannel,  and  evaporated  to  the  coow- 
Mock  of  oil.  li  must  then  be  again  cooled,  in  order  to  remori 
lis  sulphate  of  lime,  and  the  clear  liquor,  if  further  gently  evaf^ 
TUed,  will  yield  about  100  parts  of  gummy  syrup  of  the  spec&t 
gravity  of  1,393,  easily  susceptible  of  vinous  fermentation,  af 
when  Bcparuted  from  the  gum,  which  in  general  forms  no  iM 
ttianBfifthpart  of  it,  capable  of  being  crystallized,  and  apptiedM 
ill  the  common  purposesof  native  sugar.  With  the  rauonaletf 
tbls  very  important  ti'ansmutation  we  are  not  yet  acquainted.  Il 
IB  plain,  however,  that  the  acid  still  exists  undecomposed,arf 
there  is  reason  to  believe  that  the  quantity  of  water  is  increilil 
The  probability  therefore  is,  that  the  agency  oF  the  acid  is  ezeni 
in  abstracting  from  the  starch  a  part  of  its  hydrogen  and  oxyph 
in  the  proportions  requisite  to  form  the  escess  of  water,  aada 
thus  enabling  its  remaining  principles  to  be  in  such  a  mf^ 
,  ranged  as  to  induce  the  extraordinary  change  effected. 


TO   THE  EDITOR  OF    TBK  EHFORIDM. 

My  good  Friend, 

YOU  are  about  publishing  a  periodical  work,  which  to  plW*  I 
the  class  of  readers  likely  to  purchase  it,  must  be,  in  great  f*  I 
not  so  much  an  instructive,  as  entertaining  compilation, 
be  light,  superficial,  miscellaneous,  desultory,  full  of  well  execulBl  I 


J^-* 


,#6ll  printed}  ind  so  forth.  Now  if  I  know  you  welU  (md  I 
I  do)  jou  will  stuff  it  fall  of  matter  of  &ct;  coiideiised,and 
'od,  and  preaaedf  and  peeked  into  as  tmall  a  compass  as  poB8i« 
ootaining  as  much  solid  meat  for  the  mind  as  a  hard  stuffed 
na  sausage  for  the  body  I  and  almost  as  indigestible  to  th» 
ility  of  readers*    You  will  be  apt  to  forget  the  wholcsomo 

I  <rfH<wrace»  onme  iuUi  fitmttum^  qui  mUcuU  uHle  dulcU 
fill  make  the  useful  useless,  by  neglecting  the  agreeable, 
reamdons  to  instruct  your  readers;  if  you  succeed  you  will 

II  lalqr  to  amuse  them  i  if  you  succeed  you  will  do  better. 
Btber,  when  we  leave  schooli  we  seldom  allow  any  thing  but 
ttle»  to  Jumg  U9/k'  o*  knowledge. 

Kve  thought  of  this :  and  as  you  well  know  thst  I  most  do" 
wish  success  to  you  and  to  your  undertaking,  X  will,  with 
lermisskm,  tax  my  brains  ooce  OTory  nowandtlieD,to  giro 
dmrntf  way. 

I  haye  somewhere  eztoUed  the  great  impcntanee  of  the 
»r  cooxBRT,  whichlregard  as  the  first  in  importance  among 
imeeiie  nunntfhctMtee  :  and  I  therefore  presume,  thst  you 
9t  object  to  a  little  theoretlGal,  and  a  little  practical  know** 
being  occasionally  offered  to  the  palates  of  your  readers,  on 
lectthat  I  am  strongly  inclined  to  think,  both  they  and  you 
n  higher  estimadon  than  cither  of  you  choose  to  confess. 
fOtt  allow  me  a  few  pages  of  your  Empwiumfor  this  pur- 
[  shall  follow  the  advice  I  have  given  to  you,  and  serve  up 
lursesina  very  desultory  way ;  sometimes  learnedly  dissert* 
\  the  history  of  thu  manu&cture,  sometimes  treating  it  phi^ 
lically  and  chemically,  sometimes  p<^ularly,  snd  some- 
with  practical  recipes  for  the  pocM*  as  well  as  the  rich ;  for 
t-of  cookery 

JEqui  paupetibus  prodest  locupletibus  aequi 

reddes  as  scientifically  qvei^  the  processes  of  the  benevolent 
liopsof  England,  as  over  the  matelots  of  Paris,  or  the  ca]^- 
ad  calipee  of  the  West  Indies, 
r  is  the  next  line  of  the  poet  less  true 

AqxA  neglectuflt  pueris  senibusque  nocebit 
iia  bad  cook  is  the  ivorst  of  plagues  both  to  old  and  young. 
tCocAery.  as  you  well  know,  is  not  only  a  chemical  manufitC" 
I  every  psrt  df  it,  but  I  shall  take  occauon  hereafter  to  show, 
nch  ttfatifrtifi^t  knowledge,  and  many  abstruse  questions  fa 
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political  ecoiiomy>  and  even  in  tactics,  are  connected  with  widd^ 
pendent  tipon  the  science  of  ccx^keiy ;    M  that  I  shall  gratify  yoi 
greatly  sometime  orx)ther,  by  thedcpCli  of  loy  researches  on  tt 
subject ;  and  you  \riU  not  have  to  tax  me  with  converting  jam 
Emporium  into  an  Mmanac  det  GourmaruU.    I  would  not  siyk 
for  the  world  unless  to  yourself,  but  I  greatly  fear,  my  good  fiicni 
you  will  not  make  the  Emporium  either  so  pleasant  or  so  pqiok^ 
as  that  very  lively  publication.    Some  of  your  grave  sober  psofie 
may  be  shocked  at  such  an  attempt,  and  think  it  beneat^ie  (figsiV 
of  a  serious  work  to  entertain  such  disquisitions ;  WMbat  ■■ 
has  lived  to  little  purpose  in  the  world,  who  docs  not  know,  AA 
for  the  most  part,  the  high  road  to  the  heart  b  through  the  sis*    I 
mach.    Look  at  the  practice  of  the  old  country— Where  Is  tk 
business  of  the  nation  transacted  ?   In  the  house  of  Lords,  er  of 
Commons  ?  No ;  but  at  Cabinet-dinners.    Can  any  patriotic  hms* 
sure  be  adopted  that  is  not  ushered  in  by  a  public  entertumnedtl 
Does  not  the  tide  of  public  virtue  flow  strong  in  proportion  tolls 
oceans  of  port  the  company  pour  down  ?  And  with  us,  how  qakk* 
ly  do  we  swallow  the  9o6er  16th  bumper  to  the  American  ttk 
that  we  may  shine  out  in  patriotic  vohinteera  ?  Look  at  all  ym 
charitable  corporation»*--do  the  governors  and  directors  of  jam. 
hospitals  and  infirmaries  in  and  about  London,  ever  attempt  a  pai^ 
lie  subscription  but  at  a  dinner-meeting  of  the  subscribers  mi 
their  friends  ?   It  is  true,  the  dinner  is  usually  ushered  m  wA% 
charity  sermon  by  some  digiufied  church-man,  and  voluntaiy  «tt 
a  presto  movement,  by  some  noted  organist,  but  the  contemphte 
of  what  is  to  come,  the  picture  of  the  table  in  the  mind's  eys  fa 
an  hour  before  hand,  is  an  excellent  stimulus,  not  only  to  4he  app- 
tite  for  food,  but  the  disposition  for  charity :  nor  does  the  revcftal 
Dignitary  ever  refuse  to  grace  the  good  things  provided  on  sack 
a  laudable  occasion.    And  this  is  right. 

For  my  own  part,  I  profess  myself  in  direct  opposition  to  aD  tt^ 
principles  and  practices  of  anchorites  and  ascetics.  I  hddfM 
all  wilful  contempt  and  neglect  of  the  bounties  of  nature-— aU  «b- 
stinate  refusal  of  gratifications  that  can  be  safely,  conveniflllif^ 
and  innocentiy  enjoyed,  has  in  it  something  approaching  to  a  siD  if 
omission  :  it  is  a  proud  rejection  of  the  means  of  happiness  oScfd 
to  us  by  the  Creator  of  the  universe ;  especially  as  the  cheaiW 
use  without  abuse,  even  of  convivial  pleasure,  has  been  repeatedlf 
sanctioned  by  authi^rity,  which  it  suffices  barely  to  hint  at  With  be* 
coming  reverence. 
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.Wlien  I  lieara  man  sayi  ^  I  never  care  what  I  eat  or  drink»*'  I 
let  down  the  remark)  either  as  proof  of  affectation  not  founded  in 
rath— -or  of  sordid  and  miserly  attention  to  worldly  gain,  that  irapro- 
|My  absorbs  all  Hie  thoughts^— or  of  gross  ignorance  and  incivil- 
GMtiaD*  Why  has  the  benevolence  which  framed  our  system^  set 
tt8|  choice  without  end»but  for  the  purpose  of  enabling  us  to 
I  and  the  power  of  encreasing  the  zest  of  every  pleasuroi 
■it  that  we  may  exercise  it  ?  Such  a  man  may  be  a  fit  companion 
iir  the  St  Simeons  and  St.  Anthony's  of  former  times,  fora  Hot-^ 
Mtot  or  a  new  Zealander,  a  miser  or  a  misanthrope  of  modem 
lifSy  but  he  is  not  exactly  fitted  for  good  society  in  any  sense  of  the 
pord*  I  know  of  no  iwe  whatever  attendant  upon  civilization,  but 
lie  aean»  it  aSbrds,  and  the  skill  it  confers,  of  multiplying  all  our 
Bjoyments,  and  indefinitely  encreasing  theiip  powers  of  exciting 
pleasurable  senaaticms.  In  my  humble  opinion,  aH  ha^^iiness  de- 
ipnda  upon  our  wanta  and  desires.;  the  more  numerous  are  these 
unices  of  gratification  when  they  can  be  gratified,  the  happier  the 
Hfeg.  A  stone  has  no  wants  and  therefore  no.  pleasures ;  a  brute 
pie  few,  a  man  in  a  state  o£  nature  more,  but  the  wants  of  civilized, 
ailtivated  num^  are  innumerable.  They  are  permitted  to-  arise 
br  the  very  purpose  of  promoting  our  happiness ;  they  are  the  re* 
pmrdsof  social  improvement;,  and  the  human  creature  who  ne- 
j^lects  any  pleasure  within  his  reach,  which  he  can  innocently  and 
irttdemly  partake  of,  or  sullenly  refuse  ta  cherish  every  want  that 
his  situation  in  life  permits  him  innocently  9ndfirudently  to  gratify, 
is  in  my  mind  worse  than  unwise^ 

With  respect  to  cookery  in  particular,  I  should  be-glad  to  know, 
sliether  that  science  whose  aid  we  require  twice  or  thrice  in*  every 
lay  of  our  livesy— that  science  which  teaches  us  to  give  sapidity  to 
baiptd  substances— -to  heighten  the  flavour  and  encrease  thenu- 
tiitioiis  power  of  food«-to  prevent  the  innumerableevils  of  indiges- 
ion  arising  from  ill  prepared  nutriment— that  science,  which  prc^ 
iiotes  die  savings  and  encreases  the  enjoyments  of  the  poor— which 
QQDtributes  to  comfort,  by  inculcating  cleanliness  and  economy-— 
eldch  bamshes  waste  and  therefore  want-— -which  g^ves  habitual 
belingaof  cheerfulness  and  good  humor,  by  making  every  social 
repast  equally  wholesome  and  pleasant^— and  diffuses  the  light  of 
|fsctical  philosophy  among  the  lowest  classes  of  society—I  should 
1^  glad  to  know,  I  say,  why  such  a  science,  is  not  as  well  worth  pui- 
l^iriiig,  and  as  important  to  the  world,  as  one  that  teacheaus  togive 
i  brighter  tint  to  a  ribband,  a  clearer  hue  to  the  varnish  of  a  tesi^- 
^psrdj  or  a  higher  polish  to  a  pair  of  scissors. 
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I  am  not  concerned  about  the  gldomy  ihcoricA  of 
who  hai  contrived  to  spread  out  through  the  iicavy  page»  of  ■ 
bulky  quarto,  but  one,  single,  long-told,  well-known  truth,  thtf 
*'  populatioD  is  regulated  by  the  mesuis  of  subsistence,  and  that  n- 
"  CGBB  is  uBiudly  counteracted  by  vice,  war,  pestilence  or  funiac" 
I  acknowledge  that  population  depends  upon  subsistence,  and  then- 
fore  I  assert,  that  next  to  agiiculturc  which  provides  the  raw  dm- 
terial  of  food,  Cookei^  among  the  arts,  ranks  highest  in  impottaiicc- 
For  it  teaclies  ua  so  to  manufacture  the  raw  raatcnal,  as  to  nub 
it  more  economical,  more  grateful,  more  nutritious,  and  more  di- 
gestible. I  hope  hereafter  to  esplainlhereason,why  itis,that  when 
Frenchman  would  live  luxuriously,  an  Englishman  or  an  Ameiica 
would  starve.  Swift  said,  thatthc  man  whoshould  make  itrobladn 
of  grass  grow,  where  one  grew  before,  would  rank  among  tia 
greatest  benefactors  of  mankind  i  nor  is  he  less  so,  who  can  make 
that  quantity  of  food  nourish  two  people,  that  was  heretofore  con- 
sumed by  one. 

Neither  do  I  believe  in  tlie  old  adage,  filu»  occidit  gvla  fwm 
gladiua  ;  the  appetite  kills  more  than  the  sword  :  and  if  it  were  tTM) 
J  would  certainly  rather  die  of  turtle  soup,tliana  Cew/i  de  Sakt, 
if  it  were  left  to  me  to  determine  the  mode  of  exit.  For  my  on 
part,  I  scruple  not  to  acknowledge  the  wisdom  of  the  poet'ft^ 


Let  sages  pretend  to  despise 
The  joys  they  want  senses  to  taste : 
But  let  us, seize  old  time  as  he  Rica, 
And  the  blesungs  of  life  while  tbcy  last 
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To  all  this  I  would  add  no  restraint  but  the  two  maxims  which «• 
gulate  my  theory :  use  viUliout  abu ting :  rherish  no  vant,  lAai  fin- 
dence  forbids  you  to  gratyy. 

But  tliat  I  may  begin  in  regular  order,  I  must  follow  the  a- 
ample  of  other  scicnUflc  men  j  and  a*  you  chemists  explain  » 
your  students  in  the  outset  of  your  lectures,  the  terms  of  art  jwt 
propose  to  employ,  such  as  solution,  saturation,  precipitation,  ^ 
tillation,  sublimation,  volatilisation,  condensation,  effcrvesceutt, 
cSlorescence,  oxygen,  hydrogen.  Sec.  Etc.  I  must  explun  the  teiW 
of  art  in  my  science  also.  Chemists,  like  the  Romans  of  old,  to« 
upon  the  Greek  Language  :  every  word,  is  legitimate  ti  gtsK* 
feme  eadai :  the  French,  is  ovr  Greek  Language  ;  and  theirwi- 
tern  our  cluseics  on  the  subjects  hi  question,  [amnotathorougli 
Frenchman,  but  we  may  be  allowed  to  acquire  knowledge  wlwr- 
ever  we  can  get  at  it ;  ya#  e«t  et  ab  hotic  doceri.     You  must  fo^ 
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live  tibese  scraps  of  Latin:   <<Tis  my  vocation  Hal,'*  as  Faktaff 
ibaerfed;  Cooks,  you  know,  are  professionally  ad(lkted,totnfer* 
Curding. 

I  begin  then,  with  an  explanation  df  technical  terms.  And  I 
nost  observe,  that  much  as  the  knowledge  of  women  is  underva* 
Ined,  I  do  not  believe  that  one  half  of  the  chemists  in  Europe,  ei* 
iier  pay  so  much  attention  to  the  theory  of  their  science,  or  super* 
nfeend  so  many,  and  such  a  variety  of  important  and  complicated 
sxpeiiments,  as  we  require  in  general  from  well  educated  women. 
rhey  are  expected  as  a  common  accomplishment,  to  direct  \rith 
iksgance  and  economy  the  appointment  of  the  table ;  and  to  do 
lie  honours  of  the  entertunment,  not  only  with  easy  dignity,  but 
n  wo  ddng,  to  recommend  with  science  and  with  skill,  the  various 
Hshes  that  may  tempt  the  indulgence  of  appetite,  and  promote  the 
ileasures  of  the  repast 

I  give  the  following  table  of  explanations,  because  those  great 
nen,  the  lexicographers,  the  compilers  of  Encyclopaedias,  and  cir« 
Sea  of  sciences,  think  themselves  above  the  contemptible  science 
iTCookery,  and  give  us  neither  knowledge  of  the  art,  or  explana- 
kiii  of  the  terms.  Although  these  wiseacres  of  literature,  were  in 
ay  time,  by  no  means  averse  to  Mr.  Dilly's  dinners. 

But  the  really  great  men  and  wise  men  of  the  world,  have  been, 
lot  gluttons  and  gormandizers,  like  Apicius  or  Heliogabalus,  but 
Epicures ;  whose  pleasures  were  enjoyed  when  they  had  leisure 
br  pleasure,  with  discrimination,  elegance  and  taste.  Indeed, 
irhat  is  taste,  in  its  original  signification,  but  the  science  of  eating  ? 
K>  of  cheerfulness,  wbat  is  it  but  the  habitual  good  humour  of  a  man 
iccustomed  to  indulge  in  good  cheer— «heer-full  ? 

Alcibiades  and  Pericles  were  Epicures :  so  was  Lucullus :  so 
vas  Julius  Caesar :  so  was  Augustus :  and  Mecenas.  So  was  old 
^rits  of  Prusua :  and  so  is  Buonaparte ;  who  has  directed  his 
;hief  pharmacist  M.  Cadet  to  institute  and  publish  a  series  of  ex- 
leiiments  on  the  best  mode  of  making  Coffee,  and  who  has  sanc« 
toned  the  receipts  of  M.  Appert,  on  the  art  of  preserving  viands 
17  exposing  them  to  heat  in  close  vessels. 

No  man  who  has  seen  the  busy,  good  humoured  complacency 
rith  ii^ch  Mr.  Fox  used  to  tuck  his  napkin  into  the  second  button 
loic  of  his  waistcoat  on  utting  down  to  table— *— or  who  has  cast 
da  eye  on  Mr.  Pitt's  plate  and  Mr.  Pitt's  bottie  at  Grocer's  hall 
■— >-4>r  who  has  perused  the  facetious  sarcasms  of  brother  Peter 
m  Mr.  Perclval's  soup  and  claret^^— can  pretend  that  the  duU 
MKi^ers  cC  Dictkusriea  and  EacydopsDdiasi  have  a  rig^la  tnm 
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up  thdr  notes  at  the  descriptioii  of  a  g^ood  fiah  or  a  good 

That  right  courteous  and  accomplished  SLnigfat»  Sir  Kenelm  Dif^ 

seems  to  have  furnished  from  his  own  coUecdon,  most  of  the  i«» 

ceipts,  that  Howard  his  cook  afterward  published:  ooeofthebeC 

booksof  cookery  extant,  weowe  to  Sir  John  Hill ;  and  your  coki- 

8us  of  literature  Dr.  Johnson^  was  notoriously  enchanted  wi&tb 

charms  of  a  well  appcnnted  table. 

Supported  by  the  practice  and  opinions  of  so  many  wairiorsari 

fliges,  havel  nota  right  to  say  that  the  subject  boot  beneath  tli 

dignity  even  of  your  Emporium  ?  and  that  your  Honour  may  not 

and  then  without  derogaticMi  from  the  ^gnity  of  a  professor's  chVi 

acceptof  my  mite  thrown  into  your  treasury  of  knowledge  f 

Enough  oi  apology ;  and  now  to  business.    The  followiog  loc^ 
hulary  will  enaole  your  readers  to  understand  in  some  degms  the 

technical  phrases  of  the  French  kitchen,  not  eauly  attaaeddst* 

where.    The  French  coc^ery  certainly  unites  the  ficrflowing  ppA 

ties :  1st  It  possesses  more  artificial  flavour:  Sly  It  disaipateskMi 

the  natural  flavour  of  meat:  Sly  It  does  not  waste  the  meat  iladft 

4ly  It  renders  food  more  digestible  and  nutritious :  Sly  It  comhiws 

a  more  wholesome  and  judicious  mixture  of  animal  and  yegetdbii 

food:  6ly  It  economises  fuel:  and71y  It  isnotso  laborioQSiar  m 

hurtful  to  the  eye  sight,  asthe  Englishor  American  practice,    AB 

these  points,  I  will  some  time  or  other,  endeavour  to  illustrate, 

• 

Temu  used  in  French  and  BnglUh  Cookery. 

A 
Aspic :  any  sharp  fragrant  sauce. 
Aloyau :  sirloin  of  beef. 

Ail-poireau:    Spamsh  garlic.    Allio-prasum   scorodcqMrasom 
Rocambole. 

Ail :  common  garlic ;   allium  sativum.    Gousse  d*ai],  dove  i 
garlic. 
Andouilles:  chitterlings. 

B 
Bouillii :  bejef  long,  and  slowly,  stewed  till  quite  tender 
Bouillon:  broth. 
Baignets:  Fritters. 
Ballon :  round  like  a  ball. 
Harder :  to  cover  fowl  or  veal  vidth  tlun  slices  of  bacon. 

Bagatelles:  thmsUcesof  seasoned  meat  roUed  uplikeasauagt} 
tied  and  stewed. 

Becasines:  snipes* 
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SMhamel:  white cnllk, white  sauce  or  gravf. 

Blanquet :  a  hash-fricasiie  of  tidiite  meat 

Blanch:  to  whiten,  for  which  purpose,  to  scald  (as  almonds): 
ail  aoak  in  water  (as  fresh  meat),  8cc.  ">^^ 

Blanc-mangi :  Blamange :  white  food :  usually  milk  tluckened 
with  isinglass,  sweetened,  spiced,  flavoured,  and»  sometimes  co- 
loured, as  Jaune  mangi. 
i    Brills  a  kind  of  turbot 

A^niae*  \  ^  ^'^^  gently  over  a  charcoal  fire. 

Breche :  the  spiL 

BresoUes:  collopa* 

C 
V  Catch,  catching :  to  adhere  to  the  bottom  of  a  paa. 

Calves-cauldron:   calves  tripe  or  chitterlings. 

Caramel:  glaaing. 
\,  .  Cardoons :  a  kind  of  artichoke. 
*■  .Canelon:  gun-shaped:  sausage-shaped. 
j(cCani  de  veau :  neck  of  veal. 

v..  Crepinette  de Gordeveau :  veal  fried  with  forcemeat. 
'   Cuisseau  naeud :  knuckle  of  veaL 

Chibbdli  small  onions. 

Champignons :  small  mushrooms. 

Consommi :  strong,  clear,  jelly-broth. 

Court  bouillon :  stewed  with  wine  and  sweet  herbs. 

Cullis :  Coulis :  an  extract  of  meat,  flavoured,  seasoned,  and 
strained ;  to  be  kept  in  reserve,  to  give  strength  and  flavour  to 
ether  ^shesof  the  same  kind  of  meat. 

Consomme :  a  strong,  clear,  jelly  broth. 

Court  bouillon ;  stewed  with  wine  and  sweet  herbs. 

Cervellas:  sausages. 

CoOotte :  a  rump  of  beet 

Compote :  any  thing  stewed,  with  turnips,  carrots^  and  small 
mushrooms. 

Chowder :  a  New  England  dish,  conusting  of  fish  cut  in  piecesy 
•eaaonedf  and  stewed  with  alternate  layers  of  sea-biscuit  and  fried 
^fcacon ;  in  a  covered  pot  with  parsley,  and  onions. 

Culotte:  asaddle,  as  of  venison  or  muttons  the  rump. 

Coul  or  ciul :  the  bJL  membrane,  that  covers  the  outside  of  die 
Intestines. 
.    Corkants ;  ornamental  paste. 
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Cotelettes:  cutlets;  property,  the  small  ribs* 
Confitures :  preserves ;  sweet  meats. 

D 

Daub  or  dobe :  meat  lanlbd  with  lardoos,  or  thin  slips  of  gsA 
mon  or  bacon. 

Darde :  a  large  slice  of  fish  cut  lengthwajrs. 
•  E 

Entree :  a  course  of  dishes,  with  Sauces^  Patisserie  aiidLailii|i*| 

Entremets :  small  plates  of  sallad,  omelets,  &c.  placed  bctraa 
the  main  dishes.  It  was  anciently  used  for  the  ftwu^^mfim  tlii 
intenrened  between  the  courses  at  a  grand  entertaimoMOt. 

Eschalots:  shalots. 

Estragon :  Terragon,  for  salads  and  vinegar  ;  the  vinegar  4; 
Maille,  is  an  infusioii  of  terragon  and  siialots.  TerrapB,  is  As 
Artixmua  dracunculus. 

Etuvie,  a  Tetuvee :  stewed  on  a  stove. 

F 
.   Four :  a  la  four ;  baked. 

Fricandeau :  meat  larded,  brazed,  and  then  glaMd  with  a  giSVf 
caramel. 

Fricassee :  stewed  and  thickened  with  a  liaison^  (which  see.) 

Filets :  long  slices,  usually  from  the  neck. 

Flee :  Hog's  seam. 

Farcie :  forced  meat. 

Fiiture :  the  sauce  in  wluch  any  thing  is  fried. 

Fritters :  small  pancakes :  usually  fruit,  thinly  slicedi  dippc4 
in  batter,  and  fried. 

Frites  :  fried. 

Fumet:  high  flavoured  game. 

Frais:  fresh. 

Fraise  de  veau :  Calve's  caldron* 

G 

Grits:  groatss  shelled  oats,  or  wheats  used  in  the  notthtf 
England  and  in  Scotland  with  meat. 

Gras  s  &t  meat. 

Gratin  s  the  concentrated  brown  gravyi  or  juice  that  adbciti 
to  the  bottom  of  the  pen. 

Grenadins :  small  fricandeaus. 

Oirkins :  small  cucumbers  for  pickling^ 

GrUle:  broUed. 

Gigot :  a  leg. 

Gateaux  a  meat  cake. 
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H 

re  d'ouvres ;  small  wroiuy  dishes ;  RcHshesy  as  aiichoves) 

kges,  OjTStera,  8cc. 

rricot:  meat  half  fried^vnd  Htm  stewed  with  heibs4|«iid 

Kidney  beans, 
slets:  liver,  8cc.of  Hogs. 
Jterean :  a  haslet. 

1^8 :  a  sheep's  paunch  stuffed  with  fowl,  forcemeat,  gfoats, 
ByhertM,  &c.  much  used  in  Scotland. 

I.  Gravy.  • 

Ktage :  dishes  of  which  milk  is  the  bai^ 

tison :  any  intermedium  to  make  two  substances  mix,  that 

i  not  mix  otherwise,  as  an  egg  to  oil  and  vinegar.    Any  thing 

to  thicken  gravy,  and  make  the  gravy  and  the  &t  unite  in  an 

rm  Tnixture,  as  the  yolk  of  eggs.    The  Liaison  must  never 

It  in  the  fluids  while  boiling. 

sagne :  an  Italian  paste. 

rd :  Bacon  proper  for  larding.    Hog's  &t  ^clarified :  often 

in  cookery  instead  of  butter. 

rdoons:  Lardons.  Bacon  cut  in  thin  slices  and  inserted  in  the 

of  meatthat  requires  jiuce  or  flavour.  Long,  small  strips  of  &t 

1  inserted  in  meat  by  means  of  a  needle,  called  a  larding  needle. 

mtils :  such  vegetables  as  are  contained  in  shells  and  husks, 

ase,  beans.  Sec.  A  small  pulse,  of  a  lenticular,  or  double  con- 

hape. 

veret :  a  young  hare.    In  the  northern  parts  of  New  Yori; 

Pennsylvania,  they  are  some  times  found  in  the  winter,  white. 

M 
ironi :  a  sweet,  very  thin,  tubular  biscuit 
lot:  a  botch  pot,  a  sailor's  dish :  a  very  favourite  French 
made  of  carp  and  eels,  cut  in  thick  pieces,  washed,  seasoned 
pepper,  salt,  and  spice  (either  with  or  without  sweet  bread, 
irs,  or  lobsters)  and  stewed  with  strong  gravy,  claret  or  red 
with  trufles,  morells,  small  onions  and  champignonS|  or  button 
brooms. 

inade :  to  soak  in  a  pickle  previous  to  dressing, 
malade :  Jelly  of  the  pulp  of  fruit 
gre:  Soup  Meagre:  without  flesh 
nionettc  cloth :  a  small  bag. 
■elles:  see  Trufles. 
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Nosegay :  a  small  bundle  or  &ggot  of  sweet  heite ;  such  Is 
parsky,  celery,  chervil,-  thyme,  marjoram,  savory^  rosemar,  t»* 
ragmi,  Cay*leaf,  8cc.  ded  nfi  with  thread. 

O 

Omelettes :  Pancakes  of  Eggs  beat  up,  either  alone,  or  whk 
gammon  shred  fine,  gprated  cheese,  8cc. 

P 

Plateau :  the  silver  tray,  or  mirror  that  su|^x>rt8  tht  ooitfMii 
and  flowers  in  the  middle  of  the  table. 

Pate:  Pates.  Paste.  Patties. 

Patisserie:  Patties;  Pastry. 

Poupeton :  a  meat  pudding. 

Poivrade :  a  peppery  sharp  sauce. 

Papillotes :  broiled  in  paper. 

Paupiettes :  olives  of  meat. 

Potage:  soup. 

Puree:  a  strained  soup;  pease  soup  made  with  EnglUitt 
Albany  pease  well  boiled  in  meat  soup,  and  strained  throof^i 
sieve,  served  with  dried  mint  on  tiie  top.  The  pole-beaa  of  tHi 
country  answers  tderahly  well ;  but  nothing  is  to  good  for  ttl 
purpose  as  the  English  split  pea. 

Q 

Quenelles:  force-meat  balk. 

R 

Restaurateur :  the  keeper  of  an  eating  house  :  one  who  pi*' 
fetoes  to  compose  nourishmg  and  restorative  dishes. 

Rcsuurant :  a  strong  broth  or  cullis,  made  of  meat,  fowi,«' 
game. 

Ragout :  any  dish  stewed  with  herbs  and  onions,  high 

Reveil :  to  quicken  the  palate. 

Rocambole :  Spanish  garlic,  not  quite  so  strong  as  the  fcUHiim   j 
garlic,  but  stronger  than  shallot.  \ 

Riiisolles :      a  Browmng.    Any  thing  fried  browni  as  Cottff 

Rissollettes :  \     or  fcrce-meat.  ^ 

Remoulade :  mustard  sauce,  with  horse  radish  and  ahalots. 

Ravigotte :  a  piquant,  relishing  sauce. 

R  'mequins :  cheese  cakes. 

Roumestee:  Jelly  brotih  of  fragments* 

Rouelle :  a  small  filet. 

Rognon:  kidney. 

Rots  X  Roties :  roast  meat,  Um\  or  game. 
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9tock  :  strong  broth ;  coulis  or  cullis. 

Semouille  :  an  Italian  paste. 

Shnmer :  a  heat  much  short  of  boiling^. 

Salpicon :  a  ragout^  or  a  farcie  of  liver :  stuffing. 

Salmix :   a  hash  made  at  table  of  meat  half  dre&t  for  the  pur^ 

as  venison,  ducks,  8cc. 
Salamelec  :  hotch  pot.  ^ 

Surprize :  disguised  meat ;  covered  with  force-meat, 
Saucbses:  Cervelas:  sausages. 

T 
Traitcur :  one  who  furnishes  dinners  at  samuch  per  head. 
Tourte :  a  pic  or  tart ;  often  of  meat,  fowl,  or  fisli.  * 

Tartlets :  paste  baked  with  preserves  put  on  it 
Tunbale :  a  mould. 

Trufles  :  Morelles :  Morilles :  the  trufle  is  the  subterraneous 
^perdon,  about  the  size  of  a  potatoe,  found  3  or  4  inches  under 
md  in  clusters,  and  weighing  from  2  to  4  ounces.  It  is  used 
igive  richness  and  flavour  to  sauces  like  the  champignon  or 
ishroom. 
'Morelles.  Morills,  are  the  agaric  of  decayed  wood,  having  a 
ick  fleshy  curled  cap,  pierced  with  holes.  They  arc  used  for  the 
Lme  purpose  as  mushrooms,  and  trufles ;  and  all  of  them,  whe« 
t^er  fresh  or  dried,  or  in  powder,  are  excellent  additions  giving 
^  Wlness  and  sapidity  to  sauce.*        V 

Volailles :  an  entre  or  course  of  wild  or  tame  fowl. 

■ 

^  ^In  thtt  our  soi^disant  civilized  Country,  where  the  proper  use  of  baths  hot 
i>id  cold  u  almost  unkown-— where  we  have  neither  hot  walls,  espaliers^  or 
hot  houses  where  grapes  which  might  and  ought  to  be  as  plenty  as  currants, 
^^  scarce  and  dear— where  apricots  and  nectarines,  the  finest  of  European 
A^tt  are  hardly  eatable— where  the  pine  apples  imported,  instead  of  being 
here^  are  the  refuse  of  the  West  India  fields^where  a  good  orange  is 
r  seen  where  artichokes,  and  even  cauliflowers  and  brocoli,  are  aclOMlly 
^miosities— >where  steam  is  imknown  eitlier  as  a  medicinal  bath,  or  to  warm 
^HtUingi,  to  cook  vituals,  or  to  force  hot  house  plants;  and  is  but  just 
^iMivn  M  a  power  to  move  machinery— where  in  our  cities  in  summer,  we  are 
^talent  to  be  stewed  in  brick  orens  with  the  roofs  off,  called  streets  ;  and  in 
in  winter,  to  expose  our  faces  to  be  broiled,  and  otu*  backs  to  be 
in  this  country,  I  say,  we  have  no  cultivated  mushrooms,  we  have  no 
^^uflest  ve  have  no  morells :  even  ketchup  and  anchovy  liquor  are  almost  unr 
and  ftir  soy,  you  may  enquire  in  vain. 
**  Why  then  if  you  can't  do  withoat  them,  and  dine  upon  on  a  pUin  dish^. 
TOO  ought  lo  Btarre.*'— 


freights  and  Measures  ^16 

TO  THE  EDITOR. 

Sib— A  publication  of  the  following  curious  calculatiooi  • 
^  freights  and  measures,  8cc.  will  probably  gratify  your  sciefldk 

readers,  and  diffuse  useful  information  to  your  subscribers  lo  fi- 
neral. 

WEIGHTS  AND  MEASURES,  kc. 

From  a  course  qf  lectures  on  Miturai  PhUoso/ihtf  and  the  JMi- 

ftical  jlrtsy  by  Thomas  Youkg,  M.  D.  2  voU.  4/0.^— JLmtfuk 

Price  Js  Ss. — Johnston^  1807. 
,       The  English  jrard  is  said  to  have  been  taken  from  the,  arm  of 
king  Henry  I.  in  1 101. 

Graham  found  the  length  of  the  pendulum  vibrating  seconds  sc« 
curately,  equal  to  39-13  inches.  Desaguliers, 

Bird's  parliamentary  standard  is  considered  as  of  the  big^ 
authority,  it  agrees  sufficiently  with  sir  George  Shuckburgh*s«ri 
professor  Pictet's  scales,  made  by  Troughton. 

The  rojral  society's  standard,  by  Graham,  is  perhaps  about  s 
thousandth  part  of  an  inch  longer  than  Bird's ;  but  it  is  not  quill  j 
uniform  throughout  its  length^^^Maskelyne  Ph.  TV. 

The  standard  in  the  exchequer,  is  about  *0075  inch  shorter  tfafli ; 
theyardof  the  royal  society d— PA.  TV.  1743. 

General  Roy,  employed  a  scale  of  Sisson  divided  by  Bird.  Ht 
aays  it  agrees  exactly  with  the  tower  standard  on  the  scale  of  tbe 
royal  society.— PA.  TV.  1785. 

Taking  Troughton's  scale  for  the  standard,  sir  G.  Shuckborsi^ 
finds  the  original  tower  standard  36.004 ;  the  yard  £  on  the  wfi 


An  Esquimaitx  or  aLapUnder,  with  his  dried  fish  and  train  oil,  or  a  Bori» 
Indian  with  h»  jetked  venison  and  bear's  fat,  might  with  equal  ignoranoefli 
stapidity,  make  a  similar  exclamation  !  I  know  of  nothing  so  debasing,  nottif 
so  characteristically  brutal,  as  the  indiscriminate  satisfying  of  mere 
appetite. 

But  let  us  consider :  is  there  any  thing  which  ought  to  be  called 
ledge,  but  what  consists  in  tbe  methods  of  alleviating  pain,  and  prodoeii^ 
promoting,  prolonging,  and  communicating  grateful,  pleaauraMe  feeliDgB  ?  h 
there  any  use  whatever  of  riches,  but  as  they  contribute  to  tbe  same  good  pi^ 
pose  ?  If  this  be  true,  then  is  that  man  a  public  benefactor,  who  mmi^9» 
ner  improves  the  tlieory  of  pleasurable  sensations.  Who  contibutes  to  |i^ 
mote  cheerfulness  by  good  cheer,  and  to  cultivate  TASTE,  whether  as  apf^ 
in  its  literal,  or  its  metaphorical  meaning— whether  to  the  pleasoret  of  lOrti' 
ment  or  the  pleasures  of  sense.    A^tu       Ejficwri  deptgt  Bmttm 
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iety's  scale  b^  Graham,  36,0013  inches;  the  yard  exchequer 
.  i>f  the  same  scale,  35.96933  ;  Roy*s  scale,  36.00036 :  the  royal  so- 
>:ciety's  scale  by  Bird  35.99955  :  Bird's  parliamentary  standard  of 
■1758,  36.00023. 

The  English  standards  are  adjusted  and  employed  at  the  tern- 
.  perature  of  62^  of  Fahrenheit's  thermometer  f  the  French  at  the 
I  freezing  point  of  water. 

The  French  metre,  the  ten  millionth  part  of  the  quadrant  of  the 
[.^  meridian,  18  39,37100  English  inches.— Pic/rr  and  Joum:  R.  I. 
'^       The  metre  has  been  found  to  contain  36.9413  French  inches,  or 

3  feet  11. 296  lines 
i        Hence  the  French  toise  of  72  inches  is  equal  to  76.736  English 
Inches.     One  of  Lalande's  standards  measured  by  D.  Maskelyne^ 
was  76.732  ;  the  other  76.736— PA.  TV.  1765. 

In  latitude  45^  a  pendulum  of  the  length  of  a  metre  would  per- 
^lonn  in  a  vacuum  8611 6  5  vibrations  in  a  day.  Borda,  The  length 
the  second  pendulum  is  993827  at  Paris.-— AT.  inat :  11. 
'T*"  Allowing  the  accuracy  of  the  French  measurements  of  the  arc 
foU  the  meridian,  the  whole  circumference  of  the  globe  will  be 
94855,43  English  miles ;  and  its  mean  diameter  79 1 1 .73 1 .— Torrr;!. 
R,In. 

E 

L       A  bushel  of  wheat,  at   a  mean,  weighs  60  pounds ;  of  barley, 
[    50;  of  oats,  38. 

i       pt  is  settled  law,  that  no  sale  in  England  is  valid  by  any  other 
. '  bushel  than  the  Wmchester  bushel :  which  by  act  of  Ap.    1 697, 
must  be  a  cylinder  with  an  even  bottom  8  inches  deep  and  1 8^  dia- 
Ineter.     This  vessel  will  contain  2 1 50,42  cubic  inches.1 

A  chaldron  of  coals  is  36  heaped  bushels,  weighing  about  2933. 
Ten  yards  of  inch  pipe  contain  exactly  an  ale-gallon,  weighing 
10  S-9th  pounds. — Emerson, 

The  old  standard  wine  gallon  of  Guildhall,  contains  224  cubic 
inches. 

'Rj  ***  *ict  of  queen  Ann,  tlie  wine  gallon  is  fixed  at  231  cubic 
inches. 

It  is  conjectured,  that  some  centuries  before  the  conquest,  a 
cubic  fi>ot  of  water,  weighing  1000  ounces,  32  cubic  feet  weighed 
'2000  pounds  or  a  ton ;  that  the  same  quantity  was  a  ton  of  liquids, 
and  a  hogshead  8  cubic  feet,  or  1 3824  cubic  inches,  one  sixty- 
third  of  wluch  was  219,4  inches,  or  a  gallon.  A  quarter  of  wheat 
iras  a  quarter  of  a  ton,  weighing  about  500  pounds  and  a  bushel 
one  eighth  of  this,  equivalent  to  a  cubic  foot  of  water.  A  chaldroiv 
qC  co^s  was  a  ton  ^  and  weighed  3000  poun^*— ^or/ow. 
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MAGNESIAN,  LIMESTONE. 

Sonic  time  ago  the  honourable  Richard  Petcray  of  Belmont,  netf 
Philadelphia,  requested  I   would  take  the   trouble   of  analyung 
some  limestones  for  the  purpose  of  ascertaining  the  quantity  i 
magnesia  they  might  contain.     In  England,  the  impression  among 
scientific  men,  in  consequence  of  the  experiments  of  Mr.  Teuaulf 
in  Phil.  Trans.  1 790,  are,  that  limestone  containing  a  OHisiderabk 
quantity  of  magnesia,  such  as  the  limestone  of  York,  in  Y(xIb» 
shire ;   Bredon,  in  Leicestershire ;   Matlock,  in  Derbyshire,  wA 
some  otlier  places,  were  unfavourable  to  agriculture.  Mr.  Teoadt 
found  that  seeds  sown  in  earth,  sprinkled  with  lime  made  froa 
calcareous  limestone,  vegetated  very  well,  and  the  lime  operated 
favourably :  but  when  spxinkled  with  an  equal  quantity  of  limfli 
made  from  a  stone  that  contained  two  parts  of  magnesia  to  tbroi 
of  pure  lime,  they  did  not  vegetate. 


At  present,  12  wine  gallons  of  distilled  water  weigh  exactly  108   • 
pounds  avoirdupois. 

A  hundred  English  wine  gallons  of  common  air  weigh  m 
avoirdupois. 

On  the  subject  of  labor  of  workmen.  Dr.  Young  obsenres : 

In  order  to  compare  the  different  estimates  of  the  true  force  of 
moving  powers,  it  will  be  convenient  to  take  a  umtf  which  may  be 
considered  as  the  mean  effect  of  the  labor  of  an  active  man^  work* 
ing,  to  the  greatest  possible  advantage  and  without  impediment; 
this  will  be  found,  upon  a  moderate  estimation,  sufficient  to  raise  10 
pounds,  10  feet  in  a  second  for  10  hours  in  a  day :  or  to  raise  lOO 
pounds,  which  is  the  weight  of  13  wine  gallons  of  water,  I  foot  id 
a  second. 

For  every  minute  that  a  clock  varies  in  a  day,  a  second  pente* 
lum  must  be  altered  3-37  or  .054  inch.  A  half  second  pendulum 
I-74or  .00134. 

Rain  and  Z>^w.^^Dalton  makes  the  mean  for  Enghnd  mi 
Wales  36  inches  amounting  in  a  year  to  38.  cubic  miles  of  waler| 
that  b  7-13,andthinksthatthe  Thames  carries  off  1-35  of  the  rak 
and  dew  that  fieills  in  England ;  other  rivers  8  times  as  much,  mak- 
ing together  13.  inches  and  leaving  33.  for  evaporation. 
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Hit  expenments  were  made,  evidently  on  aecondary  Umettones 
eontaioing  magnesia ;  and  the  stratum  of  this  kind  of  limestone  he 
found  superincumbent  on  the  purer  calcareous  stone ;  and  whicb 
m  general  he  conuders  as  alluvial  limestone,  in  reference  to  the 
•trata  on  which  his  experiments  were  made. 

Judge  Peters  transmitted  to  me,  nine  different  specimens  of 
limestone  from  Chester  county,  numbered  and  named  as  follows : 
No.  1  Holstein.  No.  5  Hughes's. 

3  Coates's.  6  Dr.  Gardener's 

3  Yocum.  7  Bamet% 

4  Cleaver's.  8  Bailee's. 

9  Baker's. 

Of  these  No.  7  is  regarded  as  the  strongest  for  building  or  for 
kand,  and  No.  9  the  weakest.  The  first  four  are  strong  lime,  5 
and  6  of  medium  quality,  and  No.  8  nearly  equal  to  No.  7  :  that 
i^  according  to  their  reputation  in  the  neighbourhood. 
H  -  Upon  these  limestones  I  have  nude  experiments  for  the  purpose 
tf  ascertaining  their  component  parts,  but  chiefly  as  to  the  magne- 
'llan  earth,  they  may  hold. 

■'  It  is  not  an  easy  problem  to  discover  the  most  simple,  the  cheap- 
^ist^  and  the  most  accurate  method  of  separating  magnesia  from 
limestone  and  clay,  (from  lime  and  alumina.) 

We  have  no  good  precipitant  of  magnesia :  phosphoric  acid  re- 
quires combinations  that  make  the  results  complicated,  and  drive 
^s  to  calculation,  which  when  I  can,  I  would  avoid. 

The  following  methods  have  been  used,  to  separate  magnesia 
Prom  a  combined  solution  of  lime  and  magne^a  in  the  muriatic 
acid. 

Ist.  Separate  the  lime  by  the  oxalic  acid.  This  is  too  expen- 
Hve. 

Sly.  Precipitate  the  lime  by  saturated  carbonatof  potash,  which 
in  the  cold  throws  down  the  carbonat  of  lime,  and  the  residual 
Kquor  heated  lets  fall  the  carbonat  of  magnesia.  This  is  a  mc« 
Ihod  recommended  by  Davy  and  Henry ;  but  I  have  never  been 
iMe  by  this  method  perfectly  to  keep  separate  the  carbonats  of 
these  two  earths. 

Sly.  Throw  down  the  cai^xmi^  of  lime  by  carbonat  of  ammonia  r 
filer:  then  add  to  the  muriat  of  magnesia  containing  carbonat  of 
ammonia,  phosphat  of  soda.  The  ammonlaco-phosphat  of  mag- 
aesia  is  precipitated ;  and  151  grains  of  this  triple  suit  dried  at 
90*  of  Fahrenheit,  answers  to  100  gruns  of  muriat  of  magnesia* 
Uencc^  if  20  g^rains  of  a  mixed  solution  of  the  muriata  of  lime  and 
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magnesia  give  1 5,1  grains  of  ammoniaco-phosphat  of  magnesiaiUie 
mixture  amtains  equal  quantities  of  muriat  of  lime  and  magne- 
sia. Or,  100  grains  so  dried  are  equal  to  1 1 1  grains  cluystallisfldi 
or  63,2  of  dried  sulphat  of  magnesia.  But  this  seems  to  me  b^ 
low  the  average  water  of  chrystallization  in  sulphat  of  magiieii% 
which  contains  nearly  50  per  cent.     36  Nich.  Joum.  37/. 

This  process,  is  used  by  Dr.  Henry,  Dr.  Wollaston,  and  IIk- 
lieve  by  Dr.  Marcet 

4ly.  The  lime  may  be  precipitated  by  oxalat  of  potash,  and  tibe 
muriat  of  magnesia,  may  be  separated  either  by  the  filter  or  bj  al- 
cohol :  and  precipitated  either  by  hot  carbonat  of  potash,  or  by  tti- 
mouaco-phosphat  of  soda.  Or  the  alcohol  or  the  acid  maybe  dri- 
ven off  by  exposure  for  an  hour  to  red  heat.  Or,  by  su^uric 
acid,  the  magnesia  may  be  chrystallized  under  gentle  enpoittioii 
into  Epsom,  or  the  bitter  purging  salt  of  magnesia.  I 

Sly.  The  muriat  of  lime,  maybe  precipitated  into  Gyptam|Ci> 
ther  by  sulphuric  acid,  or  by  Glauber's  or  Epsom  salt  acidnkHl 
with  a  few  drops  of  oil  of  vitriol. 

6ly.  The  limestone  containing  magnesia,  may  be  reduced  iiH 
an  impalpable  powder,  and  treated  with  an  equal  weight  of  dl  (I 
vitriol,  mixed  with  thrice  its  quantity  of  water.  When  the  limes- 
tone is  well  powdered  and  sifted  through  fine  muslin,  and  the  M- 
perfluous  acid  driven  off  by  heat,  I  believe  this  is  as  good  a  sidi 
thod  as  any. 

In  making  the  experiments  of  which  I  am  about  to  give  the  reiA 
I  proceeded  in  two  ways. 

Ftr«r.  I  took  100  grains  of  the  stone  powdered  and  sifted,  tfi 
treated  it  with  muriatic  acid  diluted  with  three  waters  by  meaiM 
stirring  it  frequently :  after  four  hours,  the  supernatant  liquor  vti 
poured  off,  and  the  undissolved  residuum  washed  \nth  an  tsfA 
quantity  of  hot  water  as  of  the  acid  liquor,  filtered,  and  dried  il 
the  heat  of  bout  1 60  Fah.  and  then  weighed. 

The  solution,  was  then  precipitated  by  a  sufficient  quantity  of  d 
of  vitriol  cautiously  added :  it  was  left  to  stand  after  stirring  tilllht 
gypsum  had  formed.  Then  filtered,  and  the  separated  gyp<*^ 
put  aside. 

This  second  filtered  solution,  contained,  muriat  of  magneoii  * 
small  quantity  of  sulphat  of  magnesia,  a  small  quantity  of  salpkit 
of  lime,  and  alumina,  with  excess  of  acid.  The  alumina  i*** 
thrown  down  in  a  dirty-coloured  floculent  precipitate,  by  the  ciB' 
tion  addition  of  carbonat  of  ammonia,  and  was  separated  by  ^ 
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er  and  washed,  dried  and  weighed.  The  solution  waithetipreci* 
ated  by  hot  oaitenat  of  potash  which  threw  down  the  magneua 
1  the  lime ;  and  filtered.  This  precipitate  was  re-dissolTcd  in  aol- 
uzic  add,  and  left  to  stand.  The  sulphat  of  lime  (generally  about 
» sixth)  separated  spontaneouriyyfell  down  and  was  added  to  the 
It  portion. 

The  wholeof  the  magnesia  was  then  thrown  down  by  carbonat  of 
aah,  well  waslied,  dried  over  a  charcoal  fire  in  the  heat  of  about 
}*  and  then  weighed. 

rhe  sulphat  of  lime,  or  gypsum,  waS  exposed  in  a  crucible  for 
lours  to  a  red  heat,  and  the  lime  calculated  on  the  proportion  of 
"}  parts  limestone  to  130  of  the  anhydrous  gypsum.  A  propor^ 
H)  fi>r  which  I  will  assign  my  reasons  in  a  supplement  to  the 
saent  paper. 

Secondly.  I  proceeded  in  another  way. 

[  treated  the  finely  powdered  limestone  with  strong  sulphuric 
d  (oil  of  vitriol  of  commerce) ;  triturating  them  together  in  a 
iss  mortar.  I  then  added  fimr  times  the  quantity  of  water.  The 
sr  liquor  was  decanted  from  the  sediment  which  was  washed 
th  another  portion  of  water,  and  the  liquors  added  together. 
m  sediment  (g3rpsum)  was  rendered  anhydrous  by  exposure  to 
ed  heat  in  a  crucibile  for  2  hours,  and  the  limestone  calculated 
the  proportion  of  10  parts  limestone  to  13  of  anhydrous  gyps: 
iucting  the  silpx  previously  found.  The  filtered  solution  to 
ich  the  washings  were  added,  was  concentrtited  by  evaporation, 
ich  occasioned  a  slight  precipitate  (about  ^th)  of  sulphat  of  lime  s 
ras  then  treated  with  carbonat  of  ammonia  for  the  alumina,  and 
h  carbonat  of  potash  for  the  magpiesia  as  before. 
The  component  parts  of  the  stones  sent  to  me,  were  ascertain* 
cm  the  average  of  these  two  methods. 

The  limestones  transmitted  to  me,  bore  evident  marks  of  conti- 
tf  to  primitive  strata.  The  coloiu'ing  matter  was  black  horn- 
iidey  sometimes  in  streaks  or  veins,  sometimes  minutely  divi* 
laad  mixed  with  the  limestone,  giving  the  greyish  tinge  to  the 
le.  The  9th  specimen  was  intermixed  with  mica ;  the  icSsolui' 
residuum  of  the  four  first  specimens  in  dilute  marine  acid  con- 
wad  a  small  portion  of  matter,  silky  to  the  touch.  I  believe  all 
Qnaestones  connected  with  the  range  of  primitive  formations  on 
JMboard  of  our  country  from  Boston  to  Virginia  contain  more  or 
I  of  magneua.  They  are  in  the  inmiediate  neighbourhood  of  the 
ititeand  other  magnesian  strata,  that  envelope  as  a  matrix^  the 
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I  tried  the  specifip  gravity  of  three  tf  tfaeHn,  iriUi 
raried  from  2,65  to  3,72  the  usual  range  of  conunon  1ime«toiiiei.F 

No.  1 .  HoUtein :  Colour,  greyish  white  s  Fracture,  unoTen :  8» 
face,  common  splintery :  the  stone  seems  to  connst  of  miaiilielai 
trous  chrystalst  slightly  fetid  on  being  pounded.  I  oMmI 
in  100  parts,  silex  3,  alumina  2,  carbonat  of  magneua  12.  Hi 
rest  was  carbonat  of  lime  or  pure  limestone.  The  tiaces  d 
iron  were  evident  with  tincture  of  galls  and  prussiafc  of  potash,  bitll 
no  greater  degree  than  might  be  attributed  to  the  usual  hmfmllf 
of  the  acids  of  commerce.  My  muriatic  acid  was  freed  frosiis  I 
sulphuric,  by  muriat  of  Baryt. 

No.  2.  Coate9*a,  Colour,  greyish  white :  Fractiirei  noefaii 
Surface,  fine  splintery,  consisting  of  minute  sparkling  cbfpfA, 
I  obtained  in  100  parts,  of  silex  3,  alumina  2,  carbonat  of  SMSiieiia 
14.    The  rest  was  pure  limestone.  j 

No.  3.  roct£m*«.  Colour,  g^reyish  white  streaked  with  blueiihg^ 
being  coloured  with  hornblende  (amphibole.)  Fracture  unemi'  . 
Surface,  splintery,  small  sparkling  chrystals.     I  obtained  in  M  '\ 
parts,  silex  4,  alumina  2,  carb<mat  of  magnesia  14.    The  rest  «l  | 
pure  limestone. 

No.  4.  Cieavcr*9,  Colour,  blueishgrey :  Fracture  uneven  hi eni; 
direction,  but  splitting  into  laminx  of  about  4-  an  inch  ttdclL  in  tit  > 
other ;  there  was  a  very  thin  clay  coloured  sediment  between  tfci 
luminae :  Surface,  opake,  without  lustre.  I  <rf>tained  from  19 
parts,  silex  4,  alumina  6,  carbonat  of  magnesia  14.  The  rest  m 
pure  limestone. 

No.  5.  Hughe9*9,  Colour,  white  inclbing  to  grey :  Frscturev- 
evcn :  Surface  splintery,  opake,  void  of  lustre.     I  obtained  fivs 
100  parts,  silex  5,  alumina  2,  carbonat  of  magnesia  IS. '  Thertiti 
pure  limestone. 

No.   6.   Dr.    Gardener^M.    Colour  greyish,  inclining  to  bluwk  ' 
white.    Fracture  uneven:  Texture,  a  vtry  fine,  easily^NHmW 
sandy  grit,  consisting  of  minute  lustry  chrystals.    I  <4ibi^edfi«l 
100  parts,  silex  2,  alumina  0,  carbonat  of  magnesia  16.    ThsMh 
pure  limestone. 

Na  7.  Bumef9.  Colour,  white  with  a  very  slight  clay  cotarti 
tinge :  Fracture  uneven :  Surface,  chrystallized  lustry  ftcfllii 
Texture,  sacchanwl,  the  same  as  the  saccharwd  limeatooe  t^  lt» 
York  turnpike  road  about  10  miles  from  Baltimore.  I  obtaisei 
silex  1,  alumuiaO,  carbonat  of  magnwia  14.  The  rest,  pm^finD' 
stone. 
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il^  Ko.  8.  BuUer*$.    Appearance  like  No.  f  >  onlf  th6fiicet$  6f  tiie 
much  smaller.    Silex  1,  alumina  0,  earbonat  gf  mag* 
14y  the  real  limestone, 
jffoi,  9.  Baker*9,.  Colour  ash-grey  intermixed  with  bh>wn  mica} 
at  to  bear  the  appearance  of  a  mixture  of  pepper  and  salt  i 
all  lustry  chrystals.     I  obtained  silex  36,  undecomposed  mica 
by  precipitation  6,  earbonat  of  mag^iesia  4.    Tne  rest 
one. 

it  should  seem,  that  the  proportion  of  magnesia  in  these 
pones*  b  not  so  great  as  to  produce  any  remarkable  effect,  either 
lUsgriciiltttrey  or  as  cements.  The  last  (No.  9,)  is  doubtless  the  worst, 
jb  containing  so  large  a  proportion  of  siliceous  sand,  which  on 
^1^  soils  is  worse  than  U9eless. 

'  Tenant's  limestones*  contained  a  much  lareer  portion  of  magnet 
and  the  effect  was  therefore  more  evid^L    The  greater  pro* 
of  limestone  used  In  England  than  in  this  country*  with  the 
effect*  may  arise  not  from  the  nature  of  the  lime*  but  of 
soil  whereon  it  is  put    It  is  there  used  in  large  pfoportion  to 
g  loamy  arable  soils*  and  to  swampy*  spouty  ground*  that  tends 
produce  sorrel.    When  it  is  used  for  the  purpose  of  producing 
clover*  for  which  it  seems  to  be  a  specific  stimulus*  it  is  not 
plied  111  greater  proportion  there  than  here,  and  merely  as  a  top 
ssing.    That  is,  so  feu*  as  my  observation  and  recolleiction  ena« 
me  to  speak  on  the  subject.        T.  G. 


bt»  Bulfthat  of  Lime^  Plaieter  of  Paris  f  or  Gyfisum^  and  the  methods 

of  ascertaining  it, 

Tliere  zre  two  natural  varieties  of  sulphat  of  lime,  the  comnion 
ir  hydrous  i  and  the  anhydrous  c(Mitaining  no  water  of  chrystalli'^ 


Tiie  common  plaister  of  Paris  is  made  anhydrous  by  boiling  from 
6  hott^  in  an  iron  pot :  and  it  becomes  a  cement ^  by  re«absoii>» 
ing  its  water  of  chrystallization. 

^   CM&mofi  sulphat  of  lime,  may  be  made  anhydi<ous*  by  expoc(bg 
ijt  in  a  crucible  in  small  quantities  to  a  full  red  heat  for  an  hour. 

The  earboHtic  acid  in  common  Kmestone  may  be  regarded  as 
44}  per  cent. 
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Southaoii  Tenant  obtained  39  g^nins  of  calcined  tulphat  of  Iw 
by  means  of  vitriolic  add,  from  30  grains  of  carbooat  of  Iibk. 
This  agrees  with  my  own  observation  from  repeated  experimiA 

Vauquelin,  Berthier,  and  Thompson,  compute  the  Hnie  m  ol- 
dned  sulphat  of  lime  at  49  per  cent.  Klaproth  and  Hcvf  sl4K 
per  cent*    Chevenix  56,3  per  cent. 

Hence,  according  to  Tenant,  77  parbi  of  iimeatone  wDl  atb 
too  parts  of  calcined  gyfisum. 

Acconting  to  Vauquelin,  Berthier,  and  Thompsoot  it  will  leqpbe 
75,67  parts  of  limestone. 

According  to  Klaproth  and  Henry,  73,87  parts  of  UmestODS  vi 
suffice  for  lOO  of  gypsum. 

According  to  Chevenix  it  will  require  lOlyi  parts  of  fimeftoae., 
(3  Nich.  Jour.  196.) 

Hence  also,  taking  fl^e  average  of  the  experiments  of  Vanqiie- 
lin,  Berthier,  Thompson,  Klaproth  and  Henry,  and 
the  lime  to  be  41^  per  cent  in  anhydrous  gyps,  100  grains  of 
atone  ought  to  produce  135  grains  of  sulphat  of  lime ;  idiicli  a^ 
cording  to  Henry,  36  Nich.  Joum.  278,  it  does  produce  at  alif 
red  heat. 

Bucholz  and  Thompson  make  the  common  gyps  to  contain  91 
per  cent,  of  water  of  chrystallization :  Bergman  and  Henry  3t: 
taking  33  as  the  average,  then  the  analysis  of  common  gyps  wl 
be  acid  44 :  lime  33 :  water  33  per  cent.  For  my  own  part  I 
never  could  expel  more  than  31^  parts  of  water,  from  100  puts 
of  gypsum.  ' 

The  experiment  of  Mr.  Chevenix  cannot  be  reconciled  widi  «f 
of  the  rest. 

Hence  it  is  manifest  that  there  is  no  accurate  ag^reement  amof 
Chemists,  either  as  to  the  proportion  of  lime  in  gypsum,  or  Ae 
proportion  of  water  in  that  substance.    This  diversity  is  owiii§ 
entirely  to  the  varieties  of  temperature  in  which  the  gypaum 
obtained  by  their  experiments  Vas  dried. 

On  entering  on  the  course  of  experiments  to  ascertain  the 
ponent  parts  of  the  limestones  sent  to  me  by  judge  Peters,  I  fDoi  j 
it  convenient  to  institute  a  set  of  experiments  on.  gypsum  &r  wt 
self. 

Klaproth  from  100  grains  of  pure  carbonat  of  Hme,  piocill*' 
160  grains  of  chrystallized  gypsum. 
Henry  and  others  at  alow  red  heat  procured  13S  graimf 
Tenant  at  a  higher  heat  1 30  grains. 
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I  procured  150  gndnsof  g3rpsum  from  100  of  pure  lihiestone} 
when  the  gypsum  after  being  carefully  washed  in  a  moderate  pro- 
portion of  water  was  dried  for  an  hour  on  the  top  of  a  ten  plate  stovei 
on  which  I  could  just  bear  my  hand.  But  when  I  calcined  it  for 
mn  hour  in  a  full  red  heat,  I  procured  from  100  ^^rains  of  carbonat 
of  lime,  but  1 30  grains  of  gypsum. 

I  took  a  well  characterized  piece  of  compact  g3rp8um  from  a 
ton  that  lay  for  sale  in  the  street  here ;  and  reducing  it  to  fine  pow« 
jteff  I  calcined  it  in  a  crucible  in  a  fiUl  red  heat  for  an  hour.  I 
drove  off  2 1 4-  parts  :  this  occurred  to  me  three  times. 

I  took  from  a  lump  of  the  same  gypsum  (Nova  Scotia,  import* 
ed  to  Baltimore  and  thence  sent  to  Carlisle)  some  of  the  semi-trans- 
parent chrystais  of  a  vein  that  ran  through  the  lump.  Exposed  to 
heat  in  the  same  manner,  the  result  was  the  3ame. 

Hence  I  conclude ;  that  100  parts  of  pure  carbonat  of  lime,  will 
■«field  130  parts  of  anhydrous  g^sum  (from  which  the  water  has 
fiiMn  expelled)  and  from  151  to  152  parts  of  gypsum  as  it  is  com- 
^(IIMmly  found. 

*^'  In  the  spring  of  1809,  I  went  into  the  Genesee  country,  and 
-  brought  with  me  to  Northumberland  several  specimens  of  gypsum 
JHirhich  I  had  found  there.  I  have  since  understood  that  Mr.  Church 
n  of  AngeUca  in  that  country,  had  previously  discovered  and  used 
4  some  g^sum,  as  a  stucco. 

The  country  adjoining  the  waters  of  the  north  east  bi*anch  of  Sua* 
quehanna,  are  now  supplied  with  gypsum  from  the  Genesee.  This 
commerce  began  in  1811.  A  set  of  people  in  the  neighbourhood 
of  Pine  creek  in  1812,  sold  great  quantities  of  common  limestone 
for  gjrpsum,  and  deceived  many  farmers,  and  injured  many  mill- 
stones by  the  deception.  It  may  be  worth  while  to  give  a  few 
characters  ofgyfisum  that  may  prevent  a  similar  imposition. 

Hrst  When  a  piece  of  stone  is  presented  to  you  as  gypsum, 
try  to  scratch  it  with  your  nail,  and  to  chew  it  between  your  teeth. 
You  may  thus  scratch  and  pulverize  gypsum,  but  you  cannot  ea- 
fsHf  do  so  with  limestone^  which  is  much  harder. 

Secondly.  Drop  on  it,  a  drop  of  spirit  of  salt,  or  of  aqua  fortis^ 
If  an  effervescence,  a  bubbling,  and  extrication  of  air  ensue,  the 
stooe  is  probably  limestone ;  for  no  such  effervescence  takes  place 
^n  a  piece  of  gypsum,  but  the  acid  spreads  evenly  upon  the  surfiice 
ss  a  drop  of  water  would  do.  Now  and  then  indeed,  a  specimen  of 
gypsum  may  contam  a  small  portion  of  limestone,  but  this  does  not 
oc^ur  ofteu 
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Thirdly.  If  the  preceiUng  tests  do  not  give  tads&ctiooy  tha 
Uke|||90  grains  of  the  stone :  reduce  it  to  a  fine  powder :  grind  i^ 
with  it  350  gnuns  of  common  pearl  ash,  boil  them  in  a  Un  or  eiitlh 
«n  vessel  with  half  a  pint  of  water  to  dryness.  Wash  iriiat  i^ 
Biains  by  three  separate  affusions  of  half  a  pint  of  Ixuling  wiler: 
dry  the  sediment  at  the  bottom.  If  the  stone  be  gypsum,  that  seC- 
ment  will  weigh  77  or  78  g^raina ;  it  will  have  all  the  properties 
of  common  limestone  reduced  to  powder,  it  will  effenreace  witl^ 
and  totally  dissolve  in  a  mixture  of  one  part  of  sjMt  of  aah  to 
parts  water  added  by  degrees  till  the  whole  be  diaaolved.    T.& 


Chicory.    Succory.    Cbicorium   iNTUBts. 

Extract  qfa  letter  from  Judge  Peters  to  the  Editor. 

^  In  the  life  time  of  General  Washington,  many  years  agO|  be 
^  had  frequent  correspondence  with  the  Scavans  in  agriculture,  k 
^  Europe.     It  became  so  burthensome  to  him,  that  at  his  reqvcil 
^  I  took  it  off  his  hands.     I  had  much  intercottt*8e  with  severd  of 
^  them  on  the  subject  of  the  chicorium  intubus.    Arthur  Foung, 
^  was  enthusiastic  for  a  timcy  in  favour  of  this  plant    He  has  hot' 
^  and  cold  fits  on  most  subjects.     Both  the  General  and  mysdT 
^  tried  this  plant  as  a  grass,  with  no  such  wonderful  effects  as  thoie 
^  Mr.  Yoimg  had  pourtrayed.  Yet  we  found  to  a  certaiui  pomt  dot 
^  it  was  valuable.    Having  long  given  up  my  farm  to  tenants,  la 
^  only  a  sort  of  chamber-counsel  in  husbandry.     I  reserve  30  or  SO 
^  acres  for  amusement,  and  on  this  small  scale  continue  to  try  eveiy 
^  thing  I  hear  of,  any  wise  likely  to  be  useful.     As  a  ma&rialftf 
«  Cqffeej  I  have  never  known  the  Succory y  as  we  call  it,  or  CAinry 
^  as  it  is  called  perhaps  with  more  botanical  coiTectncss.     The  » 
^  tive  succory  I  found  in  this  part  of  the  country  was  a  mean  pbot 
M  If  without  much  trouble  you  could  procure  for  me  seed  of  j^ 
^  native  or  foreign  chicory,  I  will  begin  some  experiments  oo  il| 
^<  uses  as  a  substitute  for  Coffee.     Inform  me  of  the  method  d 
^  treating  it  for  this  purpose.     I  ana,  Sec.  Richard  Peters,^ 

The  Chicory,  is  a  species  of  Endive  \  wild  Elndive :  the  aedi 
of  these  plants  are  much  alike. 

In  the  state  of  Pennsylvania,  though  but  in  a  few  places,  cfako* 
rj  or  succory  as  the  German  setUers  call  it,  has  been  cultivated  « 
*  substitute  for  coffee  with  much  success.  The  plant  is^  sowa 
in  beds  either  drilled  or  broad  cast ;  and  thinned  out  to  about  sii 
or  eight  inches  apart.  In  the  beginning  of  winter  they  are  taken 
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Upf  washed)  and  .put  into  an  oven  after  the  bread  is  drawn.  In  this 
(Hate  they  keep  well.  When  wanted  for  use,  they  are  again  put 
into  the  oven  after  the  bread  is  drawn,  and  dried  till  they  assume  a 
full  brown  colour.  They  are  then  ground  or  beaten  in  a  mortar, 
tmd  mixed  with  from  one  fourth  to  one  half  of  their  weight  of  West 
India  coiTee.  I  hare  repeatedly  drank  of  this  beverage  without 
distinguishing  it  from  common  unmixed  coffee.  In  Northum- 
torland  and  the  neighbourhood,  and  at  Williamsport  (Pennsylva- 
ifak)  this  use  of  chicory  is  conunon.  It  would  be  improved,  if  in 
Hho  last  roasting,  the  chicory  could  be  roasted  with  the  coffee  so 
aa  to  imbibe  the  vapour  of  the  latter.  The  chicory  of  itself  is  the 
best  substitute  hitherto  known. 

In  England  they  use  (or  rather  propose,  for  coffee  is  too  dear 
there  to  be  a  common  beverage)  as  substitutes  for  coffee,  1  st.  Roast- 
ed Barley.  2ly.  The  seeds  of  the  yellow  wafefer  flag,  or  flower  de 
hice  (Iris  pseudacorus)  33  Nich.  Joum.  70.  3ly.  The  ockra,  which 
U  also  a  fashionable  substitute  in  the  West  India  Islands.  But  the 
pcrman  establishments  for  the  manufacture  of  clucory  coffee^ 
iiilcl  what  I  know  of  it  by  my  own  experience,  leads  me  to  recom- 
itaend  in  preference,  this  plant  to  all  others. 

Previous  to  the  capture  of  Jena,  by  Buonaparte,  there  were  up- 
wards of  two  millions  of  pounds  of  chicory  coffee,  exported  from 
that  place  and  Brunswick  to  various  parts  of  France  and  Germany* 
But  whatever  may  be  the  use  of  this  plant  as  a  substitute  for 
coffee,  it  is  not  to  be  compared  in  point  of  importance  to  its  use  in 
^^culture,  particularly  as  fodder  for  cattie  of  all  kinds  in  cases 
d  a  dry  spring,  or  summer.  It  is  equally  nutritious  and  more 
productive  than  Luzerne,  without  requiring  half  the  attention. 

The  first  notice  I  find  of  the  agricultural  use  of  this  plant,  is  in 
the  6th.  vol.  of  Young's  annals  of  agriculture,  p.  48,  where  Mr.  A. 
Sappa  of  Milan,  enumerates  it  as  one  of  the  favorite  plants  in  the 
vieadows  of  Lombardy.  This  was  in  1786.  In  1787,  Arth.  Young 
being  at  M.  Crette  De  Palleml's*  near  St.  Dennis,  was  so  struck 
with  it,  that  he  bought  lOlbs.  of  the  seed,  and  sowed  it  at  Bradley, 
10lb6.to  theacre.  In  May  31,  1789,  he  cut  it  on  a  small  patch, 
tbat  yielded  a/  /A^m/^  of  up  wards  of  13  tons  U  cwt.  of  green  fodder 
per  acre,  at  a  time  when  every  other  meadow  was  parched  and 
dried  up.  On  the  34th  July  he  cut  the  same  patch  again,  which 
yielded  at  the  rate  of  16  tons  4  cwt  of  green  foods  on  the  Sd  of 

*  The  lilb  of  this  most  useful  citiseni^  died  30  Kof.  ir99»«iqr  be  Ibund 
'ik  U  Month.  Msg.  p.  337. 
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December,  he  cut  it  again,  and  obtained  tt  the  rate  of  9  toba  U  evd 
per  acre ;  in  all,  38  tons  and  9  cwt.  fX  grass.  This,  on  losing  thM 
fourths  in  dr3ring,  would  have  yielded  upwards  of  9  tons  of  Hay. 

But  these  experiments  being  made  on  a  small  acale^  fn^ 
nished  no  criterion  for  a  reg^ular  course  of  husbandry,  in  wlud 
chicory  should  form  a  permanent  part  of  the  meadow  crop; 
ke  proceeded  therefore  in  sowing  it,  till  in  the  spring  of  1792| 
he  had  14x60=74  acres,  either  entirely  or  partially  sownwidi 
chicory.  The  other  grasses  he  sowed  with  it,  were  the  ni 
clover,  and  timothy,  rib  grass,  poa  trivialis  or  comiiiQO  meadow 
grass,  and  these  were  sown  with  the  chicory  on  the  principle  Hit 
as  this  grass  does  not  tiller,  the  other  accompanying  grasses  fiUnp 
the  ground  and  make  a  full,  close  sward.  It  may  be  noted,  that  ia 
England,  chicory  appears  as  one  of  the  earliest  spring  gnsi^ 
being  from  3  to  4  indhes  high  on  a  poor  soil  on  the  1  lthoCMi|: 
but  yet,  not  so  early  as  the  avena  elatior  the  tall  oat  grass,  or  the 
rough  cock's  foot,  dactylus  glomeratus.  By  this  time  YomiglMd 
ascertained,  1st.  that  though  a  perennial,  it  will  not  bear  freqoflift 
aeeding  without  being  impoverished :  and  21y.  that  it  is  better  to 
cut  it  after  the  first  year  at  least  3  if  not  4  times,  in  the  course  d 
the  season.  In  this  year  he  has  registered  the  feeding  of  58{  acres 
of  chicory  alone,  or  with  other  grasses,  by  means  oC  sheep.  In- 
deed, all  cattle,  horses,  oxen,  sheep  and  swine  eat  it  greedily. 

This  experiment  appears  to  have  turned  out  very  satis£Bu:tori)ff 
but  it  is  too  long  to  repeat  here.  The  subsequent  numbers  of  tk 
annals  of  agriculture  contain  notices  by  the  editor  himself,  though 
few  by  other  persons.  In  the  volume  for  1799,1  find  the  follow* 
tng  note.  (^  If  the  reader  turns  to  vol.  28,  p.  386,  he  will  find  ante- 
^  count  of  chicory  by  Mr.  Mardn  of  Northampton :  meeting  hin 
tt  this  year  at  the  Duke  of  Bedford^s  sheep  shearing,  he  informed 
<'  me  that  in  the  present  season  he  has  nothing  on  liis  farm,  no  pbtf 
^<or  crop  whatever,  that  will  keep  half  the  stock  which  hb  cU- 
*^  cory  will,  though  it  be  four  years  old." 

His  account  of  the  French  husbandry  of  chicory  may  be 
jTound  in  the  2nd  vol.  of  the  tour  to  France  p.  62. 

In  addition  to  this,  I  may  add,  that  in  the  year  1793,  Mr.  Rosooe 
of  Liverpool,  walked  with  me  to  see  Mr.  Wakefield's  Dairy  fam 
about  \i  mile  from  the  town. 

Mr.  Wakefield  had  sown  in  1793  about  3  acres,  and  cut  it  5 
times  in  13  weeks :  the  whole  was  given  to  10  heavy  workiog 
horsesj  who  went  through  their  common  labour  upon  it  without  fatf 
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•rconu  He  calculated  to  feed  his  dairy  of  ISOmilch  cows  diif« 
ing  the  succeedmg  summer  chiefly  on  chicory,  and  in  the  winter 
on  potatoes  steamed.  He  gave  me  3lbs.  of  the  seed,  which  I  dis- 
Iributed  partly  to  Mr.  John  Adlum  then  of  Muncy,  and  partly  to 
Mr,  Samuel  Wallis,  but  I  believe  they  made  no  use  of  it. 

His  mode  of  steaming  his  potatoes  is  curious.  A  large  iron 
pot  is  let  down  into  a  hole  even  with  the  sur&ce  of  the  ground. 
A  fire  place  is  made  underneath,  and  a  brick  flue  at  the  opposite 
flod.  Round  the  rim  of  the  pot  is  a  wooden  kirb  about  2  or  3  inch* 
•a  broad.  When  the  water  boils,  a  hogshead  full  of  potatoes 
(well  washed  and  scrubbed  at  a  trough  under  the  pump)  is  roll* 
ed  over  the  boiler  within  the  wooden  kirb.  The  bottom  of  the 
liogshead  is  pierced  full  of  holes.  A  loose  cover  is  put  on  the 
top.  The  steam  ascends  through  the  holes  in  the  bottom,  and  in 
)ialf  an  hour,  the  potatoes  are  boiled.  The  liogshead  is  then  roll- 
ad  off  and  another  rolled  on.  I  think  he  had  3  iron  boilers  for  the 
mpply  of  his  cattle  with  steamed  potatoes.     Potatoes  were  at  that 

rie  worth  about  2s  6d  sterling  the  load  of  240ib.  washed,  or  250 
the  dirt.  A  bushel  of  potatoes  will  weigh  about  721b.  The 
Itrerage  crop  of  Lancashire  and  Cheshire,  cannot  be  taken  at  less 
tfian  400  or  450  bushels  per  statute  acre.  This  is  effected  by  dint 
if  mxQure  laid  on  at  the  rate  of  lOL.  sterling  an  acre,  and  accu- 
■ate  wee(ting,  which  the  potatoe  crop  pays  for,  and  brings  the  land 
n  heart  for  2  or  3  years. 

In  1797,  that  promoter  of  British  Agriculture  the  late  Duke  of 
ledford,  directed  a  poor  field  of  brushy  soil  on  his  farm  at  Wo- 
Hirne,  worth  from  7  to  10s.  an  acre,  to  be  sowed  with  chicory. 
riie  first  yearns  produce  supported  seven  Leicester  sheep  avcrag- 
Bg  221b.  a  quarter,  per  acre,  for  six  months.  His  grace  was  of 
ipinion  that  no  other  artificial  grass  on  the  same  land  would  have 
quailed  this. 

Arthur  Young  says  that  the  Chicorium  Intubus  grows  wild  in 
Suffolk  and  other  parts  of  England.  The  Rev.  Mr.  Muhlenberg  of 
[tfSDcaster  says  it  is  a  common  plant  or  rather  weed,  about  Lan- 
aster.  They  both  agree  that  in  its  wild  state,  it  is  not  worth  any 
iiing.  But  by  long  course  of  cultivation  the  French,  and  from  ity 
be  English  seed,  is  now  a  very  valuable  improvement  on  the  wild 
tuccory.  The  Clucory  I  have  seen  growing  about  Northumber- 
and  and  in  Lycoming  county,  is  certainly  not  equal  to  what  I  saw 
rtMn  Wakefield's  in  1793:  In  1797  and  1798  the  seed  sold  in 
London  for  a  dollar  and  5s  the  lb.    T.  C. 

T  T 
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Sotf  E  01BERVATI0N8  ON  VEGETATION,  AN9  MAKUAKSy  BT  TVB 

Editor. 

Agriculture.  The  art  of  selecting  and  raiung  to  the  best  li- 
vantage^those  vegetable  substances  tliat  serve  for  the  oaeof  maiL 

It  is  not  my  intention  to  enter  at  large  into  the  extenave  Hieoiy 
of  this  first  of  artSy  or  to  give  a  detailed  accoiint  of  pracdoes  adofl- 
ed  or  recommended  by  the  numerous  writers  on  this  prolific  sok* 
ject :  but  a  few  general  observations  hitherto  seldom  noticed  h 
the  connection  now  presented  to  the  reader  may  furnish  wmtufftr 
rate  ideas  than  commonly  prevail. 

The  theory  of  agriculture  relates  to  I  the  properdes  of  d« 
plant  itself.  II.  of  the  climate  and  soil  in  which  it  is  placed.  IIL 
The  mode  of  accelerating  its  growth  and  encreasing  itssiie 

Writers  on  agriculture,  ignorant  for  the  most  part  of  the  phy- 
siology of  animals  as  well  as  vegetables,  have  usually  coonderci 
and  treated  of  plants  as  inanimate  beings :  they  are  not  so. 

Every  plant  is  the  production  of  an  organized  seed  endael 
with  the  property  of  vegetable  life,  and  of  being  acted  upoolf 
appropriate  stimuli.  This  vegetable  life  is  originally  excited  aal 
subsequently  continued  by  the  application  of  what  may  be  called 
natural  stimuli,  much  in  the  same  manner  as  m  animals.  Thus 
the  pollen  of  the  pointal  received  by  the  chive,  and  thence  pTOpt- 
gated  to  the  seed  vessel,  impregnates  the  seed,  and  excites  the  ac- 
tion of  the  living  fibre,  which  afterwards  proceeds  accor^g  to  tiie 
laws  of  organization  peculiar  to  each  plant.  This  action  iscoad- 
nually  renewed  by  the  application  of  vegetable  food  by  meam  of 
which  the  gei*m  is  dilated  till  the  plant  arrives  at  its  full  growA. 
All  this  is  perfectly  analogous  to  the  impregnation  of  the  aniwi 
germ  in  the  ovarium,  and  its  subsequent  growth  to  full  z:gt  ai 
size. 

In  animals,  the  muscular  fibres  have  the  property  of  cimtractiii^ 
on  being  irritated.  Irritability  as  it  is  called.  So  have  vegeli* 
ble  fibres.  The  sensitiveplant,  the  hedasyrum,  the  dionaea  bmn- 
cipula  of  Carolina,  the  phenomena  of  plants  growing  in  a  duk 
place  and  turning  to  the  light,  are  proofs  of  this,  if  not  of  Toluntai- 
ty.  The  separated  twigs  of  hedasyrum,  are  irritable,  like  a  sept- 
rated  muscle.  Mr.  Howard  has  lately  discovered  the  same  pTOp(^ 
ty  in  the  pollen,  on  the  application  of  alcohol.  (Trans.  Linn.  So- 
ciety of  London.) 

Animals  have  feelingy  perception,  or  ^enMiHtyj  and  the  power 
of  voluntary  motion.    So  have  plants. 

The  &cu  adduced  by  Percival,  Smithi  and  Darwin,  and  the  whole 
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class  of  phenomena  relating  to  their  search  of  food,  and  the  propa-    ' 
^tion  of  their  species  seems  to  put  tliis  beyond  reasonable  doub(. 
To  which  may  be  added  the  liabits  and  customs  of  the  parasite 
plants. 

Animals  though  perfect  in  all  their  parts,  may  be  stinted  m  their 
f^wth  by  too  small  a  quantity  of  food,  and  by  other  means ;  and 
this  diminution  will  affect  the  size  of  their  offspring.  The 
case  is  precisely  the  same  witli  plants.  By  plenty  of  food  andfu- 
▼Durable  situations,  animals  may  be  cncreased  in  size.  So  may 
ycgctables.  By  breeding  from  selected  couples  of  a  large  size, 
|hc  size  of  the  animal  offspring  is  cncreased.  Hereon  was  found- 
ed the  successful  practice  of  the  greatest  cattle  breeder  in  England, 
Mr.  Bakewell  of  Ditchley ;  and  the  same  set  of  experiments  has 
been  repeated  with  equal  success  on  plants  ^.  Mr.  Cooper  of  Nr  w 
Jersey.  Mr.  Bakewell  cncreased  the  flesh  on  particular  bones  of 
his  cattle,  and  propagated  this  propensity.  Mr.  Cooper  has  in  like 
manner  propagated  not  merely  cncrease  of  size,  but  encrease  of 
kize  in  particular  parts  of  the  plant,  and  propensities  to  earlier  ye- 
getation. 

In  animals,  appetite  may  be  proroked,  and  digestion  assbted,  by 
the  artificial  stimuli,  of  what  physicians  call  Condimeni9y  salt,  pep- 
per, wine,  acids,  bitters,  kc.  Such  also  is  the  property  of  vege- 
tables. Their  hands,  mouth,  and  stomach,  are  in  the  soil ;  and  by 
the  application  of  artificial  stimuli,  such  as  lime,  conmion  salt,  al- 
kalies, plaister  of  Paris,  kc.  their  roots  may  be  excited  to  want,  to 
seek,  to  take  in,  and  to  digest  more  nutriment  than  they  would 
•Cherwise  use. 

Animals  may  be  surfeited  with  too  much  nourishment.  So  a 
plant  will  die  if  set  in  a  mere  dung-heap.  Animals  may  be  poi- 
fKmed.  So  may  plants.  Every  metallic  combination  for  instance, 
except  oxygenated  and  carbonated  iron,  and  calx  of  manganese  (and 
lead  ?)    in   small  quantities,  being  poisons  to  the  vegetable. 

By  the  artificial  stimuli  of  condiments,  animals  may  be  excited 
too  much,  and  indirect  debility  will  ensue.  So  is  it  with  plants.  In 
ttke  manner,  excess  of  these  artificial  stimuli  will  take  away  their 
beneficial  effects,  as  half  a  pint  of  wine  may  astust,  when  a  bottle 
will  injure  digestion.  Thus,  from  the  experiments  of  Sir  John 
Pringle,  and  Dr.  Watson,  (Bishop  of  LandafT)  it  appears  that  a 
■mall  quantity  of  conmion  salt  is  a  septic  to  the  animal  fibre,  and 
a  manure  to  vegetables,  while  a  large  quandty,  is  the  domestic  an- 
tbeptic  of  cookery,  and  destroys  vegetation  altogether.    So  in  the 
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experiments  of  Judge  Peters,  two  bushels  of  gypmun  will  produce- 
a  luxuriant  crop ;   6  or  8  will  prevent  it. 

In  animals,  when  parts  of  muscular  or  other  fibres,  are  wcaki 
cUseased  and  dying,  artificial  stimuli  can  be  applied  to  exdte  • 
action  in  the  living  and  healthy  parts,  by  which  the  dead  are  lepi- 
rated  and  sloughed  off.  So  in  plants,  the  artificial  stimulus  of  thois 
substances  which  are  not  manures  in  the  sense  of  afibrding 
ishment  to  the  plants,  but  only  as  exciting  a  stronger  and 
healthy  action  in  the  living  fibre,  will  kill  the  weak  and 
roots,  while  they  invigorate  the  more  healthy.  This  is  the  mode  if 
acdon  (in  part)  of  lime,  gypsum,  salt,  &c.  usually  classed  amoB| 
manures,  but  which  d&  not  enter  into  the  compositicm  of  the  pinft 
itself. 

Animals  are  resolveable  into  gasses,  lime  and  phospboric  idi. 
There  is  no  peculiar  animal  earth.  The  phenomena  of  Jteurm 
animals,  the  experiments  of  Vauquelin  on  the  productioii  of  Gas 
in  the  hen,  and  some  other  facts,  make  it  probable,  that  the  fime  d 
the  bones,  as  well  as  their  phosphoric  acid,  is  the  product  of  wiaftF 
lization. 

Vegetables  are  resolveable  into  gasses  and  fixed  alkali  by  fire: 
by  putrefaction  their  alkali  is  either  decomposed,  or  escapes,  for  no 
fixed  alkali  is  found  on  the  incineration  of  vegetables  which  have 
undergone  compleatly  the  putrefiictive  process.  Both  vegetables 
and  animals  contain  in  their  fiuids  accidentally,  unessential  quanti- 
ties of  iron,  manganese,  and  neutral  salts.  Thus  the  blood  contsiv 
iron,  albumen,  mucilage,  the  serum,  urine,  uric  and  phosphoric 
acids  with  bases  of  lime,  soda»  volatile  alkali.  So  in  plants,  nitre  if 
fi>und  in  borrage,  in  nettles.  Sec.  and  oxalates  in  some.  Hence  it 
appears,  that  the  essentialy  component  parts  of  animals  and  veg^ 
tables  consist  chiefly  of  two  or  three  gasses. 

Again.  Animal  fibres  are  made  from  plants.  So  true  is  the 
scripture  exclamation  that  all  flesh  is  grass !  An  ox  and  a  sbeef 
are  made  up  of  vegetables,  and  so  are  we  who  devour  them.  No- 
thing is  nourishment  to  an  aninud,  but  what  was  orig^inaliy  a«vegfr 
table.  In  like  manner  nothing  is  nourishment  to  a  vegetable  iml 
what  enters  into  the  permanent  composition  of  a  vegetable.  We 
tind  large  plants  grow  in  pure  sand  ( Vanhelmont),  in  sand  and  | 
clay,  in  common  clay,  in  limestone,  in  limestone  and  sand,  lim^ 
stone  and  clay,  and  in  all  the  combinations  of  these  common  eartb% 
nay  even  m  sulphur,  in  shot,  in  pounded  glass,  but  we  do  not  M 
that  these  earths  or  either  of  them^  are  mj  penoanent  aid- 
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Ual  parts  of  the  composition  of  a  plant  any  more  than  of  an  ani- 
mal. In  a  human  body  of  200lb.  weight,  we  may  find  about  the 
ibiutti  Oi*  fifth  of  an  oz.  of  common  salt,  and  we  may  fierhafis  find 
in  clover  the  same  proportion  of  gypsum,  but  these  are  accidental 
parts  of  the  composition. 

More  accurately.  When  a  vegetable  is  decomposed  by 
Bfteans  of  fire,  in  close  vessels,  we  procure,  1st  a  considerable  quan<  ' 
thy  of  water.  3dly.  Pyroligneous  acid  or  an  eropyreumatio 
nneg^.  3dly.  On  the  top  of  these  and  mixed  with  them,  is  a 
quantity  of  strong  oily  matter  that  smells  of  tar  and  smoke.  4thly. 
a  great  quantity  of  carburetted  hydrogen  gas,  to  wit  about  50 
quarts  to  the  lb.  avoirdupoise  of  fine  saw  dust.  All  woods,  and  (I 
believe)  all  vegetables,  furnish  it  m  some  proportion.  5thly.  A  5th 
or  6th  in  weight  of  charcoal,  and  nearly  equal  in  bulk  to  the  vegeta- 
ble itself;  of  this  about  90  parts  in  100  are  frequently  pure  carbon, 
when  well  burnt  and  freshly  made  and  weighed.  6thly.  Alkali :  in- 
luid  plants  furnish  the  alkali  of  potash ;  marine  plants  generally  fur 
■Ish  the  alkali  of  soda.  The  alkali  of  potash  obtainable  from  the 
green  woods  usually  emplo3red  for  the  purpose,  docs  not  exceed 
one  psurt  in  1 6  or  1  SOOparts.  7thly.  earthy  salts  and  iron,  in  mioute 
-ond  accidental  proportions. 

Now,  The  water,  is  hydrogen  and  oxygen. 

The  pyroligneous  vinegar,  is  carbon,  hydrogen  and  oxygen. 

The  oily  matter  is  carbon  and  hydrogen. 

The  carburetted  hydrogen,  is  carbon  and  hydrogen. 

The  charcoal  is  nearly  pure  carbon. 

The  alkali,  is  an  oxyd  of  a  mital. 

The  iron,  or  manganese  may  be  accidental,  but  oile  or  other 
is  almost  always  found,  though  in  minute  proportions. 
Some  vegetables,  as  the  farinaceous  that  contain  gluten,  and  the 
succulent  tctrad)iianiious  plants  that  contain  albuminous  matter, 
funush  also  azot.  So  do  mushrooms,  trufies,  and  morals,  which  on 
diitillation  give  out  volatile  alkali,  the  base  of  which  is  azot.  But 
the  Tegetables  that  furnish  azot,  are  exceptions  to  a  general  rule. 
Lime  also  in  very  small  quantities,  is  frequently  found  in  vegetables, 
hut  nothing  tends  to  induce  us  to  regard  it,  as  other  than  an  acciden- 
tsl  substance. 

The  result  is  the  same,  when  vegetable  matter  is  decomposed 

in  the  motst  way.    Thus :  let  us  take  the  case  of  a  Distillery,  and 

consider  the  process  that  goes  on  there.    The  bruised  grain  is  mix-* 

odwhh water:  then  yea8t,(that  is^  carbonic  acidgaA  enTelppedfai 

«MicUage)  is  puttoit.  The  gas acti upon  tiie  gndni  nddeoonSL^io* 
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8Ltion,and  new  compositions  take  place.  Great  quantities  of  car- 
bonic  acid  gas  are  evolved :  alcohol  is  formed :  then  vinegar)  vluck 
is  alcohol  united  to  oxygen.  What  do  these  products  amount  lo^ 
but  carbon  and  hydrogen,  and  the  oxygen  imbibed  from  the  atmo*' 
phere  \  For  every  drop  of  vinegar  is  made  at  the  expence  of  a  ptf^ 
tide  of  alcohol  united  to  a  particle  of  oxygen. 

In  the  case  of  the  decomposition  of  animal  substances,  whether 
in  the  dry,  or  the  moist  way,  no  acid  appears :  we  get  azot,  a  felili  ' 
animal  oil)  swimming  at  the  top  of  a  volatile  alkaline  liquor,  mi  | 
sometimes  concrete  volatile  alkali,  or  carbonat  of  ammoiua  comet 
•ver.  The  retort  contains  an  animal  charcoal,  consisting  of  asotcai^ 
bon  loosely  combined,  the  base  of  the  prussic  acid,  and  if  booes  be 
used,  phosphat  of  lime. 

Intliiscasc,  the  azot,  the  lime,  and  the  phosphorus,  leem  lobe 
Hew  combinations,  the  result  of  animal  organization  modifpiig 
diemical  affinity.  There  are  many  districts  of  Pennsylvania,  per- 
liaps  the  best  pasture  land  in  it,  that  do  not  contain  a  pardde  of 
limestone.  Such  for  instance  as  a  great  part  of  the  county  of  Luzerne 
and  the  beech  country  comprehended  between  the  north  east  bruck 
of  Susquehanna,  the  New  York  state  line,  and  the  Delaware.  Tijtre 
is  no  finer  g^ss  countr}-;  but  limestone  is  rare  throughout  the  great- 
est  part  of  this  space.  A  calf  bred  up  there,  will  have  hmtt^ 
that  is  phosphat  of  lime :  his  flesh  will  yield  azot^  either  by  distilh- 
iion,  or  by  the  nitric  acid.  Where  does  he  get  it  ?  The  soil  contains 
none ;  the  grass  on  which  he  feeds  contains  none,  but  the  ox  ii 
chiefly  composed  of  azot  and  phosphat  of  lime  ! 

Hence  it  appears  that  about  99  parts  out  of  a  hundred  of  vege- 
table matter,  consist  of  carbon  and  hydrogen  of  which  the  carbcD 
far  exceeds  in  quantity. 

Hence  also,  the  pabulum  or  food  of  vegetables,  can  only  be  ca^ 
bon  and  hydrogen,  or  those  substances  which  are  easily  decompo9^ 
able  into  car^n  and  hydrogen. 

Hence  aninial  matter  is  the  best  of  manures,  because,  the  carboa 
it  contains  is  more  easily  disengag^,  and  the  substance  more  easif 
decomposed  than  even  putrescent  vegetable  matter.  Hence  it  it 
that  in  steel  furnaces  and  in  case-hardening,  animal  charcoal  ii 
thought  to  aid  thejoperation ;  the  carbon  of  animal,  being  more  cs- 
fily  separated,  than  the  carbon  of  vegetable  charcoal. 

Hence  we  learn  to  distinguish,  manures  of  novmAmen/,  from  mi' 
nures  oi9t{muiu9y  and  from  mechanical  manures ;  and  we  are  taught 
that  every  vegetable  and  every  anioud  substance  when  decompot" 
ed|  furnishes  pabulum  to  vegetables :  and  that  every  such,  substance 
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so  decormposed  is  a  manure  of  nourishment)  and  that  nothing  else 
is  or  can  be.  It  may  be  taken  for  an  axiom,  that  from  man  to  a  cab- 
bage or  a  lichen,  nothing  can  be  converted  into  nutriment  lor  the 
living  fibre,  but  what  has  been  a  permanently  component  part  of 
li^g  fibre  before. 

Other  properties  of  vegetables  there  are,  similar  (rather  than 

analogous)  to  those  of  animals,  which  the  necessary  brevity  of  a 

\    chort  essay,  will  not  permit  to  be  detailed  at  length.     It  may  be 

L   observed  however,  that  plants  like  animals  may  be  transplanted  from 

[    one  climate  and  soil  to  another,  provided  the  difference  be  not  very 

great,  and  care  be  taken  to  accustom  them  gradually  to  the  change. 

.  .  Indeed,  vegetables  like  animals  will  accustom  ihemseives  to  the 

change  in  a  generation  or  two,  provided  the  difference  be  not  above 

.    8  or  10  degrees  of  latitude  or  of  mean  temperature.    The  range  it 

not  yet  ascertained. 

On  the   preceding  properties  of  vegetables,  and  their  analogies 

to  animals,  may  all  the  agricultural  doctrine  of  manures  be  weO 

founded.     These  analogies   have  been  remarked  by  others,  but 

.Ifaeir  application  m  this  respect  has  not  been  heretofore  sufficiently 

^observed. 

Animals  dijper  from  vegetables  in  having  a  more  extended 
sphere  of  locomotion.  The  ammal  (cases  nearly  zoophytical^ 
excepted)  can  move  the  whole  of  his  body  from  one  place  to  another 
....a  plant  can  only  move  its  root-fibres  and  its  branches.  The  con- 
volvuliy  and  other  parasite  plants,  are  in  some  degree  exceptions ; 
but  the  general  rule  is,  tliat  the  immovable  centre  of  a  plant's  situ- 
ation is  the  place  where  tlie  germ  falls,  or  the  seed  or  plant  is  set 
with  intent  that  It  should  remain.  Hence  the  use  of  that  kind  of 
manuring  which  consists  in  the  admixture  of  soils  of  various  depths 
and  adhesion,  for  the  mechanical  purpose  of  keeping  the  plant 
steady. 

II.  Of  the  Climate  and  soil. 

No  experiments  have  been  made  to  asceitain  with  precision  the 
bounds  of  latitude  or  temperature  which  prohibit  the  naturaliza- 
tion of  exotic  plants.     In  France,  Young  has  marked  the  lines  of 

the  madze  and  the   vine   culture In  tliis  country  maize  grows 

tolerably  well  from  lat.  42,  and  beyond  it  to  Georgia.  Wheat  is 
not  so  g^ood  and  productive  south  of  Virginia,  as  in  the  middle 
states.  The  latitudes  of  cotton  and  rice,  arc  not  yet  exactly  ascer- 
tained. Coffee  has  not  yet  had  a  fair  tnal  in  our  southern  states, 
nor  the  sugar  cane.    Much  ijidecd  yet  rcmsdns  to  be  done  in  th2& 
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respect,  and  much  is  doing  by  tiie  British  goYemment  in  tbe 
West  Indies. 

Agriculturists  have  many  vague  denominations  of  floil»  such  is 
clayi  loamy,  mariy,  sandy,  limestone,  limestone  gravely  sandf 
g^vel,  stoney,  poor  light  soil,  rich  black  soil.  These  aretole- 
rably  descriptive  in  a  general  way ;  but  as  the  theory  of  the  art  j 
improves,  we  shall  need  more  accuracy.  Of  the  primitive  eaitKi%  \ 
none  need  be  nodced  under  this  section,  but  ulex  or  sand  \  u^ 
mt  clay :  and  calx  or  lime.  The  others  have  never  been  yet  fiMBd 
in  sufficient  quantity  to  produce  any  notable  effect,  except  in  tht 
hurtful  quality  of  magnesia  when  combined  with  lime,  as  3  to  S 
jfarst  noticed  by  Mr.  Tx  v  n  a  k  t.  It  is  evident  that  far  the  mechmcd 
purpose  of  increasing  or  lessening  adhesion^  suppordng  the  plaB% 
•nd  admitting  its  fibres  to  shoot  more  freely,  clay.  Band,  and  lime- 
stone are  mutually  manures  to  each  other ;  acting  mecfaamca&| 
by  their  mixture.  Thus  in  Cheshire  and  Norfolk,  in  Engfam^i 
the  clay  and  marl  pits  furnish  an  excellent  and  permanent  Danare 
to  the  sandy  soil  above ;  and  assist  moreover  in  retaimng  manors 
and  imbibing  moisture. 

But  it  is  not  merely  the  mechanical  mixture  of  soils  that  tul/y 
be  useful ;  for  the  experiments  of  M.  D'abrcet  andM.  Faboiti 
have  shewn  us,  that  in  the  temperature  of  100*  of  Fair.  Afferent 
earths  have  different  capacities  for  retaining  moisture ;  so  that  by 
judicious  admixtures,  this  valuable  property  in  soils  may  be  is* 
creased  or  diminished ;  and  as  none  of  the  earths  are  found  per* 
fectly  pure  in  soils,  (clay,  for  instance,  retaining  66  per  cent  d 
sand  without  losing  its  distinctive  character)  tive  character)  a 
field  is  opened  for  ascertaining  this  property  in  different  admix* 
tures  and  combinations.  For  Mr.  Wedgwooo  discovered  tint 
earths  would  chemically  combine  in  the  moist  way. 

Besides  the  tenacity  of  soils,  and  their  capability  of  retaining 
moisture,  tlieir  defith.  is  also  to  be  considered  by  the  cultivator. 
Some  plants  have  long  tap-roots,  such  as  rhubarb,  liquorice,  ctr- 
rots,  parsnips,  madder,  8cc.  These  are  evidently  unfit  for  iBj  i 
soils,  but  of  loose  adhesion  and  of  considerable  depth.  EquaUj' 
preposterous  would  it  be  to  use  a  soil  like  the  Genesee  flats,  of  SO 
feet  deep  of  light,  rich  mould,  for  grasses  that  spread  upon  the 
surface.  Again,  where  soils  are  naturally  sandy,  dry,  and  arid  and 
tlie  climate  warm,  plants  should  be  selected,  whose  roots  penetrate 
deep  and  beyond  the  influence  of  atmostpheric  evaporation.  Thus, 
in  this  country  as  in  the  soutli  of  France,     Lucerne,  (medica)  an^ 
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iliicory  (ciehorium  intudusj  would  be  luxuriant  where  no  other 
fpmss  would  grow. 

III.  I  come  now  to  consider  the  mode  of  accelerating  the  growth 
and  increasing  the  size  of  plants. 

Tins  is  done  by  manure**  Hitherto,  every  Substance  added  to 
Kttl  or  to  the  plant  while  growing,  which  effected,  or  was  meant 
toeflTect  these  purposes,  was  called  a  manure.  But,  from  what  had 
been  aaid,  manure  ought  to  be  considered  in  at  least  four  divisions. 
1.  Manures  of  nourishment.  2.  Manures  of  stimulus.  3.  Ma«. 
niires  of  moisture.     4.  Mechanical  manures. 

Manure*  of  nouriahment^  Five  different  theories  have  been 
iCarted  on  this  subject,  the  pabulum  of  vegetables. 

1.  Practical  men  have  for  ages  discovered  the  use  of  dung  in 
agriculture,  and  hence  the  common  and  oldest  theory  wa^  that  the 
piices  of  decomposed  animal  and  vegetable  substances  in  the  gross) 
were  the  chief  pabulum  of  plants^ 

-  2.  Vanhelmont's  experiment  suggested  water  as  the  pabu-^ 
him,  but  althoygh  some  plants  will  live,  none  will  flourish  in  mere 
vater....The  French  experiment  of  the  decomposition  of  water^ 
Ipd  the  discovery  of  the  excretion  of  oxygen,  give  countenance  to 
die  opinion  that  water,  though  not  the  pabulum,  is  decomposea-* 
bie,  and  is  a  pabulum ;  furnishing  hydrogen :  and  it  is  also  a  com- 
ponent part  of  the  plant  even  as  water.  The  curious  experiments 
of  M.  Braconnot  add  strength  to  tliis  opinion.  It  is  not  yet  known 
whether  plants  can  decompose  azot,  but  I  am  strongly  inclined  to 
luspect  tliis  substance  to  be  a  compound,  for  we  have  no  fact  to 
shew  that  animals  absorb  it  from  the  atmosphere. 

3.  Dr.  Hunter,  of  York,  in  his  Georgicai  Esaaycy  persuaded 
the  world  for  some  time,  that  oil  was  the  pabulum  of  vegetables. 
But  neither  his  theory  nor  his  practice  succeeded. 

4.  Dr.  pR  IK  ST  LEY,  who  had  more  right  to  form  theories  and 
^njecturcs  than  any  man  living,  (because  he  furnished  more 
bets  of  extensive  application  in  chemical  philosophy  tlian  any 
ath^r  man,)  suggested  that  fihlogision  was  the  pabulum.  Some 
ixperiments  of  Arthur  Young,  made  in  consequence  of  this 
supposition,  tend  to  support  it.  But  though  iu  all  probability  t/x- 
fiammable  gas  may  be  converted  into  nutriment  to  vegetables,  yet 
it  is  far  from  being  true,  that  this  is  tlie  only  gas  which  can.  The 
gasses  that  escape  from  a  dung-hill  contain  much  carbon,  azot,  and 
ammonia,  as  well  as  various  stimulating  saline  compounds.  We 
know  too,  that  electricity,  and  the  galvanic  fluid,  seem  to  aid  ve- 
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getation  to  a  certain  degree :  but  the  action  of  these  fluids  is 
satis&ctorily  accounted  for,  on  the  doctrine  of  stimulus,  than  of  p^ 
bulum.  That  oxyg;en  is  not  nutriment,  is  clear,  from  its  beings 
excretion  of  plants  in  a  healthy  state,  and  in  Tig^rous  action,  «- 
der  the  influence  of  the  sun,  as  Dr.  Priestlky,  and  aftenrardi 
M.  Ikgevhouz  discovered.  Hence,  although  fluid  mamucs 
may  contain  the  elements  of  phlogiston,  or  the  combinatioos  if 
phlogiston,  this  latter  cannot  of  itself  be  taken  as  the  only  food  if 
plants.  Both  plants  and  ammals  are  resolvable  into  gasses  «f 
vhich  phlogiston  may  be  a  part,  but  there  is  sometluDg  else  wtidk 
feeds  and  dilates  the  muscles  of  animals,  and  the  leaves  of  ticc% 
%r  they  furnish  something  else. 

5.  Dissatisfied  with  former  theories,  Mr.  Kirwav  has  pio- 
poscd  carbon  or  chaixoal  as  the  food  of  plants ;  and  declarea  Ids 
opinion  that  if  charcoal  could  be  rendered  soluble  in  water  it  vondd 
be  the  most  efficacious  manure.    It  is  true,  that  charcoal  and  cv* 
bu retted  hydrogen,  are  found  in  the  incineration  of  all  undecom- 
posed  vegetables,  but  they  contain  also  alkali,  oxyg<ai,  and  mlnh 
gen,  &c. ;  nor  is  there  any  fact  to  prove  that  charcoal  (or  the  fOr, 
yde  of  carbon)  is  either  soluble  in  any  liquid,  or  taken  up  as  du# 
coal  by  any  vegetable,  or  decomposed  by  any  natural  process; 
soot  aa  a  top  dressing  is  a  tolerable  manure   in    England,  btt 
Its  use  may  be  accounted  for  from  the  saline  substances  itcoa- 
tains.  From  every  fact  hitherto  known,  the  pabulum  of  vegetable^ 
appears  to  be  exhibited  to  plants  generally  in  the  form  of  a  UqnL 
Hence,  whatever  tiieory  of  uigenious  spcculatoi's  be  adopted  as  ^ 
simple  and  homogeneous  pabulum  of  vegetable  bodies  in  a  living 
state,  the  old  theoiy  and  tiie  old  pi*actice  must,  and  ought  to  jut- 
%  ail,  namely,  that  the  only  manure  of  nourishment  to  be  depended 
t.n,  ia  dung,   ft,  r,J  decovifiosod  animal  and  xfrgetable  aubttancHi 
which  conUins  within  itself  every  substance  that  theory  has  hitfaa| 
to  assigned  as  the  food  of  plants,  ix>ady  to  be  afforded  gradually,  bf' 
the  continual  decon;position  of  the  various  compounds  which  tt^l^t 
dung  cont:uns :  and  altiiough  it  may  be  of  use  by  dung-heaps  H 
aid  this  decomposition,  yet  even  in  an  undecomposed,  or  paAiaBf 
decomposed  state,  this  gradual  decomposition  amounts  in  the  ed 
to  the  same  thing.    This  is  applicable  to  ground  bone,  woolka 
rags,  horn  shavings,  &c.     All  the  difference  is  that  time  U  gamed 
by  the  artificial  and  complete  decomposition  of  these   8ubstaDcei> 

Manures  of  etimuivs.     Whatever  accelerates  the  growth,  or  at 
<Tcasi:s  the  size  of  plants,  and  does  not  actually  enter  into  the  coia- 
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c^sition  and  substance  of  tlie  vc)>etable,  can  only  be  considered  aa 
a  manure,  by  stimulating  the  healthy  fibre  of  the  plant,  by  destroy- 
ing the  dead  and  decaying  fibres,  and  by  assisting  tlic  decompo* 
lAtion  of  undecomposed  animal  and  vegetable  substances  disper^ 
aed  through  the  soil.  It  is  thus  that  gijfisum  or  plaister  of 
iNtris  acts,  being  the  most  cfiicacious  septic  among  tlie  neutral 
Mline  substances.  Of  these  manui*es  of  stimulus,  none  are  aa  yet 
m  common  use,  but  lime,  gypsum,  and  common  salt. 

Lime,  is  limestone  deprived  of  its  water  and  carbonic  acid  a- 
mounting  to  44  per  cent,  by  fire.  In  this  state,  its  sdmulating 
powers  are  obviously  much  greater,  tlian  in  its  natural  and  neutral 
state  of  limestone.  But  even  pounded  limestone  is  a  promoter' 
of  vegetation  mechanically,  on  clayey  and  sandy  lands ;  and  this 
earth  appears  to  be  a  specific  stimulus  to  white  clover,  and  perhaps 
todw  poCatoe.  Hereto  may  be  referred  the  rubbish  of  old  build- 
ings, and  marl,  which  is  clay  about  one  half  of  limestone. 

Common  Salt.  This,  until  the  dut)'  of  two  thousand  per  cent. 
Il  £ngland,  was  a  very  common  manure  in  Cheshire ;  the  facts  re- 

Kng  to  it,  in  this  point  of  view,  arc  collected  in  Watson's  cAr- 
*al  essays.    In  this  country,  Gypsum  is  much  cheaper. 

Gy/ksunty  plaister  of  Paris,  vitriolated  lime^  or  sulfikat  of  lime. 
This  has  not  been  certainly  found  m  any  plant,  but  by  M.  Model, 
accidentally,  in  rhubarb,  (Journ,  de  fihya,  vol.  6.  p.  14,)  even  tliis 
I  suspect  to  be  a  fallacy  ;  for  the  chai*acters  of  gypsum  were  not 
then  well  ascertained.  AlK)ut  two  bushels  per  acre  to  clover 
or  com  seem  to  be  a  full  qiumtity.  It  attracts  the  moisture 
from  the  air,  and  dissolves  gradually  when  strewed  on  the  ground. 
It  is  brought  here  from  France  and  the  bay  of  Fundy,  and  has 
also  been  lately  found  in  New-Hampshire,  and  on  lake  Erie. 
SThere  is  also  some  in  Maryland  on  the  Chesapeake,  about  one 
itondred  miles  below  Baltimore,  and  throughout  the  Genesee 
country,  and  on  the  watci-s  of  the  Chlppawa.  As  it  is  not  a  com- 
ponent part  of  any  plant,  cither  in  whole,  or  in  its  own  component 
parts,  it  cannot  act  upon  healthy  vegetables  but  as  a  stimulus,  and 
upon  diseased  and  dead  ones,  by  its  septic  power.  Experiments 
remain  to  be  tried  as  to  other  manures  of  this  description. 

Gyfintm  particularly  deserves  attention,  considering  that  it  has 
clfected  afanost  a  complete  revolution  in  the  agriculture  of  Penu- 
sylTania.  Many  thousand  acres  of  land  hitherto  barren,  have  been 
oonverted  into  excellent  pasture  gppoiund,by  its  surprising  influence. 
Cven  the  products  of  land,  tolerably  good)  have  been  in  some  in<- 
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•tanccB  doubled  hj  using  it    The  theoxy  of  its  action  was  not  i»  > 


dnitood.    Judge  Peters  of  Philadelphia,  who  first  colledsd 
the  opinions  of  our  farmers,  on  the  subject  of  the  gypsum  as  am* 
Hure,  ventured  to  suggest,  that  the  vitriolic  acid  was  the  ferdiiziif 
principle  of  this  manure  :  But  Mr.  Priestley  of  Northumberlai4 
has  given  this  opinion  a  fair  trial,  both  by  means  of  sulphur,  indcf 
sulphuric  acid,  in  all  proportions,  without  the  slightest  appearanoe 
of  success.    We  shall  have  therefore  as  I  think,  to  recur  to  tbe 
theory  first  advanced  by  myself  in  the  year  1793,  that  it  acts  ii  a 
septic  to  dead   fibres,  and  as  a  stimulus  to  living  ones. 

Manwrea  ^f  moisture  and  Mechanical  maiiurea.  Their  actios 
In  giving  dtfiih  by  new  addition ;  in  giving  tenacity  by  mistait^ 
as  clay  with  ssnd,  or  vice  vffr«a....in  giving  capacity  to  reimn  artf- 
Uturcf  on  the  principles  suggested  by  the  experiments  of  Fabro- 
iri  and  D'Arcet,  is  too  obvious   to  require  furthef^ducididQD.. 

Such  are  the  ideas  tliat  occur  to  me  as  throwing  some  ligbt  as 
the  theory  of  this  complicated  and  most  important  subject,  and  sag- 
gesting  the  rationale  of  the  application  of  manures,  in  cases  not  V^ 
therto  well  understood.    T.  C. 


TURNPIKE  ROADS, 

9 

To  the  Editor  of  the  Emfiorium. 

If  turnpike  roads  and  their  drains,  were  to  be  formed  at  fint 
according  to  the  drawings,  (See  Plate)  making  the  summer  roai 
to  cross  tbe  paved  road  at  every  change  of  the  surface  of  the  coun- 
try, so  as  to  keep  the  summer  road  always  on  the  highest  sideij 
with  a  small  dndn  along  aide  of  it,  (though  it  may  do  without 
as  it  has  but  little  water  to  carry  off)  and  to  keep  the  large 
on  the  lower  side,  crossing  at  every  change  of  surface  of  the  coos* 
try,  until  it  can  be  let  entirely  off  from  tlie  road — In  such  case,  sun* 
mer  roads  could  be  kept  good  at  a  small  expence,  as  they  would 
never  be  washed  with  tlio  main  body  of  water.  The  drains  on  tha 
lower  ^de  could  be  kept  from  washing,  by  throwing  In  stones. 
But  where  an  attempt  is  made  to  keep  up  a  summer  road 
on  both  sides,  both  become  drains  for  the  water,  and  in  ashoittima 
both  become  inevitably  lost ;  for  a  drain  makes  a  bad  road. 

It  Is  better  to  have  one  good  summer  road  to  cross  the  paved    I 
road  often,  than  to  have  none  at  all.    The  summer  road  thus  m* 
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nagcd  will  be  much  the  cheapest,  for  earth  cannot  be  changed  into 
any  tiling;  else  by  travelling;  on  it,  whereas  the  stone  pavement  is 
continually  changing  into  earth,  and  requires  expensive  repairs. 
^  By  such  an  improvement  as  is  here  suggested,  many  thousand  dol- 
lars might  be  saved  to  stockholders.  The  summer  road  on  the 
Liancaster  Turnpike  (and  on  others  also)  is  already  almost  ruined 
for  want  of  necessary  precautions. 

While  on  this  subject,  I  beg  to  observe,  that  on  my  travels  I  see 
it  frequent  in  opening  new  roads,  to  clear  the  lower  side  first  for 
the  carriages,  and  to  allow  the  water  to  run  along  the  down  hill 
rut :  thus  the  road  soon  becomes  dangerous,  and  repairing  it  ex- 
pensive :  whereas  if  the  passage  for  carriages  was  first  opened  on 
the  upper  side  of  the  scite  of  the  road,  and  the  water  confined  to  ^ 

r 

run  along  the  up-hill  Tut,  until  it  would  be  conveyed  away,  the  road 
would  ever  after  be  kept  in  repair,  for  not  more  than  one  tenth 
part  of  the  cxpence  otherwise  incurred.  If  you  think  the  above 
worthy  a  place  in  your  Emporium  from  one  of  your  subscribers, 
*i|t  is  at  your  disposal.     I  am  &cc.     O.  £. 

I  shall  always  think  the  communications  of  this  correspondent  ^ 

worthy  a  place  in  the  Emporium.  To  the  preceding  obvious  and 
sensible  remarks,  I  had  intended  t6  have  added  my  notions  of  the 
chief  cause  of  the  destruction  and  want  of  profit  of  turnpike  roads. 
I  am  persuaded,  that  carriage  can  be  cheaper  performed  with  3 
hoi*sesto  a  team  than  with  four :  cheaper  witli  two  than  with  three  : 
and  cheapest  by  means  of  smgle  horse  carts.  I  have  not  room  in 
this  number  to  insert  the  facts  tliat  induce  me  to  tliink  so,  but  I 
will  collect  them  for  the  next.  No  turnpike  can  stand  the  wear 
and  tear  of  five  horse  waggons,  and  be  profitable  to  the  stock  hold- 
fr«.    T.  C. 


NOTICE  TO  CORRESPONDENTS. 

Some  of  the  subscribers  to  the  Emporium,  have  exprcssccl  ap- 
prehensions lest  it  should  become  a  fiolUical  publication:  others 
have  f^pressed  disapprobation  at  the  editor  having  supported  the 
opinion^  that  manufactures  should  be  encouraged  at  the  expence 
of  commerce. 

As  to  politics :  I  hope  there  is  no  subscriber  to  the  Emporium 
incapable  of  distinguishing  between  the  petty  discussions  of  party 
politics^  and  the  great  questions  of  political  eccmomy !  If  thfre  bpf 
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explanation  would  be  useless  to  him.    Whatever  my  politics  vuuf 
be)  /  htrve  none  in  this  work.     As  to  the   questions  of  potiticil 
economy— what  are  the  principles  of  public  action  (under  whate* 
ver  rulersi  or  whatever  form  of  government)  that  lead  most  direct- 
ly and  permanently,  to  national  wealth   and  national  power    and 
are  most  consistent  with  national  security  and  national  prosperity^ 
I  shall  continue  to  discuss  them.    They  have  been  for  some  yeai% 
and  still  are  under  discussion  among  the  ablest  statesmen,  and  tin 
best  informed  writers  of  Europe,  and  they  are  still  unsettled.    la 
tlus  country,  they  were  never  touched,  until  my  essay  of  1799| 
and  a  brief  view  of  the  expedience  of  protecting  foreign  commerce^ 
published  soon  after,  by  Dr.  Priestley.     At  that  timie  we  were  aloil 
in  our  views  of  the  subject    At  present  I  am  fully  persasded, 
that  a  decided  majority  of  the  literati  of  Great  Britain  who  haw 
turned  their  attention  to  these  questions,  are  with  us.  In  tlusoou- 
try,  the  topics  have  been  too  little  discussed,  to  allow  any  pobBc 
sentiment  to  have  been  formed.    The  popular  opinions*- previleat 
among  those  who  have  not  read  or  thought  much  cm  the  subject^ 
are  greatly  adverse  here,  to  what  I  think  a  correct  S3rstem:  bat 
whois  it  that  sap  they  ought  not  to  be  discussed  ?  can  he  be  a  friend 
to  science,  or  a  friend  to  his  country  ?  Ganilh's  book,  eridcntlf 
published  in  opposition  to  Montgaillaid^  has  been  reviewed  widi 
much  encomium  in  the  best  of  our  miscellanies^  the  Port-folio,  rfkd 
with  much  laboured  panegyric  in  Mr.  Walsh's  Review.    Whitr 
iii.it  a  crime  to  dissent  from  their  opinions  ? 

*  — - 

The  present  series  of  the  Emporium,  professes  to  give,  a  comiect- 
cd  set  of  essays  on  the  leading  manufactures  of  Europe  likely  to 
be  of  advantage  in  this  country,  taking  them  up  one  by  one.  Bat 
«s  all  readers  cannot  feel  interested  in  any  one  maimfacture  (unkH 
men  of  general  science)  it  is  proposed  to  fill  up  at  least  a  third  of 
the  work  with  miscellaneous  essays.  I  greatiy  doubt  whether  I 
can  make  this  an  entcrtadning  work.  I  fear  I  want  quaUficatioos: 
«>dll  loss  can  I  undeitake,  that  all  the  opinions  I  may  advance,  ahtB 
iiwet  with  the  full  assent  and  approbation  of  all  my  readers.  But 
this  I  can  promise,  that  when  I  have  gone  through  my  tweh< 
month's  editorship  of  this  work,  it  shall  not  be  thrown  wuk%  * 
torn  up  for  waste  paper.  Those  who  hate  it  will  keep  i^  or  I 
•hall  not  anawer  my  own  expectations. 

But  the  very  design  and  intent  of  the  Emporium,  is,  to  give  is* 
formation  on  those  manufacture!  which  it  is  worth  whUe  to  atteioFt 
^thiaco^ntry :  every  such  maAufacture>  if  it  siicce^  wiU  ^ 


■ 
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Mfftf  from  the  necessity  of  European  importation.  Those  who  thi^ 
WI6  ought  to  depend  on  Great  Britain,  for  all  our  necessary  comforts 
and  luxuries,  and  raise  nothing,  and  export  nothing,  but  raw  mate- 
rials for  British  traders  to  work  up  and  sell  to  us  in  a  new  form, 
will  doubtless  be  the  advocates  of  foreign  commerce,  and  of  all  its 
concomitants :  they  will  not  approve  of  such  a  work  as  this,  ix 
wish  success  to  any  home  manufacture,  which  will  so  far  supercede 
the  necessity  of  foreign  importation.  If  readers  of  this  description 
disapprove  of  the  principles  advanced  in  this  work,  I  cannot  help 
It :  but  most  assuredly,  a  work  that  professes  to  aid  the  exertions 
)f  home  trade,  may  without  impropriety  be  permitted  to  suggest, 
tet  the  benefits  tX foreign  trade  have  been  overrated ;  and  allowed 
to  state  the  facts  and  arg^umenta  that  support  such  an  opinion. 

But  the  questions  of  political  economy  are  really  of  so  much  na- 
ional  importance— they  require  and  imply  so  much  important  fact 
o  elucidate  them— they  are  here  so  new— and  every  where  so 
insettled,  that  I  feel  ashamed  of  this  apology.  I  shall  be  glad  to 
eceive  condensed  and  well-considered  replies  to  my  own  opiiuons. 
\  have  been  collecting,  some  statistical  and  financial  facts  relative 
o  Great  Britain,  France  and  this  country,  which  I  shall  give  in 
he  next  number. 

I  have  read  the  first  volume  of  Mr.  James  Cutbuah^t  manual  of 
chemistry,  but  I  have  not  yet  seen  the  second.  There  arc  some 
lig^ht  inaccuracies  in  the  first,  but  it  is  a  useful  compendium ; 
ontaining  as  much  fact  in  as  small  a  compass,  with  as  little  unne- 
:essary  matter,  as  any  compilation  I  have  seen  for  some  time.  I 
hall  be  glad  of  an  opportunity  of  expressing  myself  as  favourably 
>f  the  second  volume  ;  which  I  dai*e  say  I  shall  be  enabled  to  do 
ery  truly. 

I  have  read  the  first  part  of  a  ti^eaUse  on  distilliug,  by  Mr.  /far- 
l9on  Haliy  of  Philadelphia.  If  a  few  pages  of  chemical  disqui- 
ition  were  omitted,  and  some  practical  directions  given  on  the  use 
f  the  hydrometer,  it  would  be  the  beai  book  I  have  seen  on  the 
ubject.  Indeed  I  consider  it  such  as  it  is.  It  supercedes  a  great 
leal  of  what  I  had  to  say  on  this  manufacture,  but  I  can  make 
.ome  additions  when  the  proper  time  comes. 

I  have  received  the  description  of  Dr.  Allison's  machine  for 
pinning  wool,  which  shall  b.avc  a  place  in  tlie  next  number  of  the 
c^mporium. 
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PHILADELPHIA,  June  16,  1811 

tZAR  SIR, 

I  have  to  express  to  you  my  thanks  for  the  honourable  mentioi 
you  have  made  of  my  late  exertions  in  the  first  number  of  yotff 
Emporium.  Perhaps  I  could  have  wished,  if  you  y/nXk  excuse  ths 
observation,  that  the  article  had  been  a  little  more  accurate.  I 
have  rendered  plathia  malleable,  which  is  a  chemical  process,  M 
to  work  it  up  afterwards  into  spoons,  &c.  &c.  is  the  business  of  irt- 
bts,  and  mechanics.  Our  wags  will  say,  ^  so  the  Dr.  htis  tuned 
spoon-maker  at  last,"  and  they  will  have  your  word  for  it. 

You  also  mention  as  a  general,  and  apparently  MeadytluDgythit 
the  specific  gravity  of  my  platina  is  19.7— wldch  happened  (obe 
the  specific  gravity  of  the  HI  hammered  specimen  you  took  with 
you.  It  generally  weighs  31.5,  and  I  have  had  several  pieces  of 
a  specific  gravity  of  22.5.  I  must  repeat  on  this  occasion,  tint 
great  specific  gravity  is  not  absolutely  a  proof  of  purity.  A  pece 
of  pure  platina  of  19.5  may  be  hammered  into  a  specific  grtvil]^ 
of  23.  and  a  less  pure,  but  better  hammered,  that  is  compacted 
piece,  may  exceed  in  specific  gravity  a  piece  more  pure-— We  even 
know  that  the  specific  gravity  of  brass  is  greater  than  that  of  pure 
copper,  though  the  specific  gravity  of  sine  is  inferior  to  that  cf 
copper ;  which  proves  that  greatest  density,  and  compactness  of 
a  substance— -on  which  its  specific  gravity  depends,  does  not  neceir 
sarily  imply  its  greatest  purity. 

As  the  article  stands  it  gives  the  impression,  that  I  only  do  what 
Mr.  Cloud  did  before,  but  better.  The  fact  however  is,  that  Mr. 
Cloud,  whose  merits  I  well  know  and  fully  acknowledge— doei 
not  seem  to  have  intended  more  than  to  produce  a  cabinet  piectrf 
tlie  greatest  possible  purity  and  specific  gravity,  and  he  has  dooe 
so:  but  I  have  first  rendered  platina  malleable  in  this  countnr,by 
means  of  a  process,  which  admits  being  executed  on  a  iarj^e  scak, 
and  which,  I  hope,  will  become  beneficial  to  the  arts,  and  to  sod* 
ety.— Pieces  have  been  made  of  the  weight  of  two  pounds,  and  o^ 
waixis.  Sheets  have  been  rolled  of  thirteen  inches  square,  and 
vessels  of  platina  are  now  making,  and  in  preparation,  which  wiB 
hold  from  twenty  to  thirty  gallons. 

The  method  I  use  is  not  tlie  one  you  describe,  and  which  couU 
not  be  executed  in  the  large  way  with  safety,  accuracy  anddispatc]i. 
I  l^ave  found  hints  of  it  in  European  publications^  but  I  believe  I 
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hare  considerably  improTed  it.-^Tou  shall  have  a  faH  acoount  of  it 
■fter  some  timey  together  with  some  experiments  and  observations 
on  Platina,  which,  perhaps,  you  will  not  find  uninteresting.  I  am 
no  secret  monger;  <as  you  say  manufacturers  always  are)  but, 
tlDce  no  body  would  choose  to  refund  me  the  by  no  means  small 
cxpences  I  have  incurred  in  unsuccessful  .trials,  it  would  perhaps 

^  be  cmrying  liberality  too  far  to  enable  others  at  once  to  place  them- 

f    telves  on  my  shoulders. 

Many  manufacturers,  who  have  improved  their  processes,  I  think 
Qdght  plead  the  same  observation  in  justification  of  their  conducti 

^wllen  desirous  to  keep  their  knowledge  rather  to  themselves,  or  to 
impart  it  only  to  their  children,  than  give  it  to  the  world  at  large. 
The  patent  law  seems  to  sanction  the  principle  that  they  should 
.    benefit  by  their  labours.     Why  then  should  a  term  of  reproach 
P  attach  to  individuals  proceeding  on  the  same  ground  ? 
:        I  have  also  succeeded  in  giving  the  metallic  lustre  to  Pottery 
by  means  of  Platina,  the  shades  of  which  may  be  varied  at  pleasure, 
and  some  other  applications  of  malleable  Platina  in  the  arts,  are 

Citemplated,  of  which  you  shall  be  informed  as  soon  as  their  use- 
ness  has  been  practically  ascertained. 

Political  economy  being  my  favourite  science,  I  have  read  with 

ft  particular  attention,  and  interest,  the  pages  relating  to  it  in  the 

L  first  number  of  your  Emporium,  and  it  is  with  some  regret  that  I 

^  perceive  you  have  adopted,  and  endeavour  to  give  currency  to,  a 

train  of  ideas,  in  my  opinion  erroneous,  and  the  prevalence  of 

which  with  too  many,  has  already  produced  a  vast  deal  of  mischief. 

^hatthey  are  both  erroneous,  and  pregnant  with  evil,  appears  to 

mcy  after  much,  and  repeated  reflection,  so  unquestionably  true, 

that  I  should  not  despair,  in  fair  and  liberal  discussion,  to  convince 

Adam  Smith  himself  of  it,  whom,  I  know,  you  have  in  many  points 

on  your  side. 

If,  as  a  lover  of  truth,  you  will  receive  in  a  friendly  manner,  and 
give  a  place  to  in  your  next  number,  a  few  observations  addressed 
to  you,  as  such,  on  this  subject,  I  shall  forthwith  commit  them  to 
paper,  and  I  intend  in  this  case  to  examine  every  position  in  your 
political  arithmetic  together  with  the  arguments  intended  to  sup- 
port them. 

Aa  elementary  popular  treatise  on  political  economy  is  a  work 
which  I  conceive  much  wanted  in  this  country,  which  I  contem- 
plated to  write,  and  in  which  I  have  made  no  inconsiderable  pro- 

X  X 
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gress.     Bot  circumstances  have  obliged  me  to  defer  the  full 
cation  of  the  task  to  a  more  propitious  moment.     I  remsdn,  Sec. 
Thomtu  Cooficr^  Esq.  Carlisle.  E.  BOLLMAN. 

Upon  this  letter  I  have  to  remark ; 

That  I  am  well  aware  of  the  fact,  that  the  specific  gravity  of 
metals  is  encreased  by  hammering :  but  I  doubt  whether  ham* 
mering  alone  will  bring  platina  from  19,5  to  33,  though  I  knov 
that  mercury  is  encreased  by  congelation  from  13,5  to  15,6. 

I  have  not  ventured  to  say  that  the  process  I  describe,  is  the 
same  with  Dr.  Bollman's.  I  understand  it  to  be  the  process  hitherto 
commonly  used  in  France  and  England.  Achard's  method  with  tfw 
senic  I  have  tried  ;  but  heat  alone  will  not  drive  off  the  arseoiCi 
Whenever  Dr.  Bollman  finds  it  convenient  to  publish  his  procei% 
I  shall  be  very  glad  to  make  the  Emporium  the  mean  of  commii- 
nication. 

I  have  said,  manufacturers  are  secret-mongers.  They  are  so; 
and  they  have  a  right  to  be  so,  if  they  think  fit.  I  know  of  no  ob- 
ligation that  calls  upon  them  to  disclose  those  secrets  upon  which 
their  subsistence  may  depend.  When  tliey  conceal,  and  make  sc* 
crets  of  the  common  and  usual  processes  of  their  manufacture,  thef 
do  not  act  liberally :  when  they  conceal  processes  peculiar  to  them* 
selves,  or  not  generally  known,  they  exercise  a  caution,  which  xxati 
frequently  be  a  duty.  It  is  no  term  of  reproach.  The  public  art 
obliged  to  those  who  communicate  knowledge  of  any  Kind;  and 
every  man  who  has  lived  long,  and  much  in  the  world,  and  who 
has  observed  niuch,  has  much  to  communicate  that  the  public 
will  be  the  wiser  for  knowing ;  but  there  is  noobligation  on  him  to 
do  so. 

Dr.  Bollman  is  fearful  lest  the  wags  should  say  he  has  turned 
spoon-maker.  What!  was  not  Prince  Rupert  a  manufacturer* 
the  iV'arquis  of  Worcester  an  engineer — the  Duke  of  Bridgewater 
a  canal-digger — the  Duke  of  Norfolk  and  Lord  Dundonnald  manu- 
facturers of  coak  and  coal  tar  ?  Was  not  Sir  Richard  Arkwright 
a  cotton  spinner — Wedgwood  and  Bcntley,  potters  ?  Are  not  Boil- 
ton  and  Walt  spoon-makers  ?  Docs  not  Dr.  Wollascon  manufiK- 
ture  platinu  spoons?  Tell  me  the  men  of  Europe  of  whom  Iheir 
country  has  more  reason  to  be  proud,  than  Watt  and  Boulton  and 
Wollaston  ?  Lord  Loughborough  was  right,  when  he  said  in  d& 
bate,  that  weighed  in  the  balances  against  such  men  as  Boulton  and 
Watt,  Sir  Richard  Ark#Kght,  the  duke  of  Bridgewater  and  Wedge- 
wood  and  Bentley,  the  Lords  and  the  Commons  would  kick  the 
beam.  Dr.  Bollman  need  not  be  ashamed  of  company  in  all  re- 
spects so  truly  honourable.  1  should  be  glad  to  have  discoveredi ' 
as  Dr.  Bollman  appears  to  have  done,  a  method  of  manufacturing 
platina  easily  and  cheaply  into  spoons  or  any  other  article  of  use  or 
ornament,  from  the  boiler  of  a  steam  engine  to  the  spoon  of  a  gal* 
vanic,  or  the  crucible  of  an  analytical  chemist 

Dr.  Bollman  difiersfrom  mc,  in  my  notions  of  political  economy: 
I  am  glad  of  it     I  shall  have  an  antagonist  worth  contending  with.^ 
Whenever  Dr.  Bollman  will  send  me  his  communications  on  this 
or  any  other  subject,  they  shall  be  u*eated  with  the  attention  bis 
talents  have  a  right  to  claim.    T*  C. 
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STEEf-. 
/^  Continued Jram  page  284.^ 

77ie  third  kind  of  Steely  or  3(//y.  Cast  Steel. 

^Ly  In  cast  iroO)  the  carbon  used^  has  never  completely  and 

^^iBiifbrmly  metallized  all  the  iron  by  uniting  with  the  oxy- 

which  gave  it  the  fontf  of  an  ore :  also,  the  iron  is  in 

le  parts  miited  to  carbon  not  merely  to  saturation^ 

fut  beyond  it ;  anfuiot  merely  chemically,  but  mechani- 

^^Sally.  .  Iron  may  be  greatly  supersaturated  or  overload- 

-  ^ad  with  carbon,  as  in  the  case  of  plumbago  (Black-lead,) 

and  in  the  smooth  black-lead  surface  of  kishy  cast  iron. 

But  in  steely  the  carbon  seems  chemically  united  to 
iron^  ^and  to  a  certain  point  encreases  its  fusibility ;  cast 
*  steel  then,  is  a  chemical  combination  of  blistered  steeL 
ifriA  a  still  greater  proportion  of  carbon  ;  which  is  com- 
^  municated  to  it>  by  fusing  the  blistered  steel,  either  in  con^ 
:  tact  with  charcoal,  or  with  limestone  and  bottle  glass.  I 
[  have  already  observed  that  100  grains  of  chalk  or  pure 
i  limestone  will  yield  44  or  44  ^  grains  of  carbonic  acid 
^  gas ;  which  44  grains  of  gas,  contain  somewhat  better 
1^  than  12|  grains  of  pure  charcoal  oc  carbon. 
I  •  These  remarks  will  e&pldn  the  following  report  of  Guy- 
\^  ion  Morvcau  totheNadbnal  Institute  gf  July  4,  1798,  on 
r"  Clouet*s  method  of  making  steeL 

Yr 


*« 


350  Cast  SteeL 

Accotmi  qftlit  Experiments  of  Ciiixen  Chueij  on  the  if 

ferent  states  qflrorij  and  its  conversion  into  Cast-ste^. 

The  leameditporter  b^ns  his  account,  by  ^vmg  m 
historical  sketch  of  the  scientific  and  correct  infiormatki . 
we  possess,  respecting  the  art  of  steel-making.     He  stalt% 
that  firom  the  time  when  the  labours  of  Reaumur  had  en* 
lightened  the  practice  of  making  natural  steely  and  stedfaj 
cementation,  the  theory  remained  stationary,  notwitfastiod- 
ing  the  numerous  and  valuable  experiments  of  BergmsBv; 
Rinmann,  Priestley,  &c.  until  the  appearance  of  the  ex- 
cellent memoir  of  Vandemionde,  BerthoUet,  and  Mongc^; 
in  the  Memoirs  of  the  Academy  of  Sciences  for  178&'~ 
That  the  English,  who  had  long  supplied  the  Europen 
market  with  steel  of  cementation,  remained  also  in  the  o- 
clusive  possession  of  the  article  known  by  the  name  of 
cast-steel,  which,  though  confined  to  certain  finewciistt 
is,  ne^^ertheless,  a  very  valuable  branch  of  national  ii 
try ;  that  various  experiments  have  been  made  widi 
cess,  on  a  confined  scale,  in  Francej^.to  imitate  tUs  pn>-' 
duct,  since  the  time  when  Jars  published  an  accouiA  of 
the  method  used  at  Shefiield ;  but  that  finom  a  want  of 
precision  in  the  narrations  of  these  processes,  and  the  St 
fcKDXx:  which  is,  with  justice,  considered  to  subsist  k- 
tween  the  experiments  of  the  laboraton%  and  those  of  fc 
manufacturer  in  his  extensive  operations,  the  art  of  nuk- 
ing cast-steel  was  considered,  by  the  most  eminent  Frenck 
chemists,  as  very  for  firom  being  publicly  known :  aai 
Vandemionde,  Monge,  and  Bathollet,  notwithstanding 
their  acquamtance  with  these  facts,  thought  fit  to  decbic^ 

*  From  the  report  of  Citizen  Guyton,  made  to  the  Natioial  b* 
stUute  of  France,  on  1 6lh  Messidor  in  the  year  VI.  (July  4,  I7W) 
inserted  in  the  Annales  de  Chimie,  XXVIII.  19. 

t  It  is  used  in  a  great  variety  of  common  tools  and  works  v 
England. 


I 
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la  the  public  instructions  drawn  up  by  order  of  the  com- 
mittees of  safety,  that  they  could  offer  nothing  but  con^ 
jectures  on  the  subject*.  In  this  situation  was  the  know- 
ledge  of  the  chemists  and  manufacturers  of  France,  when 
Citizen  Clouct  resumed  his  experiments  on  a  larger  scale 
K  «t  the  house  of  the  Conservatory  of  Arts,  and  the  minera- 
■  logical  school  at  Paris,  on  the  fusion  of  various  kinds  of 
steel,  and  the  immediate  conversion  of  iron  into  cast-steeL 

tOn  this  Subject,  the  author  delivered  a  memoir  to  the 
Institute  of  France,  which  forms  the  subject  of  Guyton's 
^  report.    He  first  treats  of  the  combinations  of  iron  and 
E  charcoal.     One  thirty-second  part  of  charcoal  is  sufficient, 
r  as  he  affirms,  to  convert  the  iron  into  steel ;  one-sixth 
part  of  the  weight  of  the  iron  affords  a  steel  wluch  is  raoct 
.  fiisible,  but  still  malleable ;  and,  after  this  term,  it  be^ 
comes  nearer  to  the  state  of  cast-iron,  and  no  longer  pos- 
sesses enough  of  tenacity.    By  augmenting  the  dose  of 
^charcoal  the  fusibility  is  increased ;  and,  at  last,  it  ac- 
nquires  the  state  of  grey  cast-iron. 

The  particular  cast-iron,  which  results  from  the  com- 
bination of  iron  and  glass,  forms  the  second  object  upon 
which  the  attention  of  Citizen  Clouet  was  fixed.  The 
glass  enters  but  in  a  small  quantity  into  this  compound, 
notwithstanding  which,  the  properties  of  the  mass  are 
changed.  This  iron,  though  \tT\  soft  to  the  file,  if  heat- 
ed merely  to  cherry  red,  flies  in  piec^  under  the  hammer : 
the  cast  ingot  contracts  greatly  in  cooling ;  and  when,  by 
careful  man^ement,  it  has  been  made  into  bars,  the  opera- 
tion of  hafllening  gives  them  tlie  grain  of  steel,  and  renders 
them  brittle,  without  adding  to  their  hardness. 

Charcoal  in  powder,  added  to  the  glass,  changes  the 
result,  and  increases  the  fusibility;  but  the  nature  of  the 
ptoduct  is  greatly  influenced  by  the  dose  of  these  ingre- 

*  Nichols.  Phil.  Journal  H.  102. 
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dienta,  '7mm  onc-SOth  to  oDe.20di  part  of  the  broo,  d* 
fords  sted  capable  of  a  high  d^jree  of  hardness,  whUi 
may  be  forged  ata  low  red  heat,  and  has  all  the  propeitka 
of  cast-steel*  If  more  charcoal  be  employed,  the  piodiick 
resemble  those  of  the  smelting-fumace. 

The  attraction  of  iron  for  carbon,  continues  Citiacs  \ 
Clouet,  is  such,  that  at  a  very  high  temperatm^  it  wiB 
take  it  even  from  oxygen.  He  proves  this  by  the  fidlowiog 
experiments :  Let  iron,  in  small  pieces,  be  put  intoacru- 
cible  with  a  mixture  of  equal  parts  of  carbonate  of  lime 
and  clay ;  let  the  heat  be  urged  to  the  degree  neocssaiy 
to  weld  iron,  and  kept  at  that  elevation  for  an  boor,  or 
more,  according  to  the  size  of  the  crucible :  the  metal  be- 
ingthen  poured  into  an  ingot  mould,  will  pro ve  to  be  sted 
of  the  same  quality  as  cast-steel. 

The  oxydes  of  iron  are  equally  susceptible  of  paadog 
tfarou^  the  states  of  soft  iron,  steel,  and  fusible  or  cast- 
iron,  according  to  the  proportions  of  coal  made  use  oL 
The  black  oxyde  of  iron,  of  which  the  state  qipears  to  be 
the  most  constant,  becomes  iron  when  heated  in  the  cnt- 
cible  with  an  equal  bulk  of  charcoal  powder :  a  doobk 
quantity  affords  steel :  a  iMX)gressive  augmentation,  im- 
parts the  characters  of  the  white  and  the  grey  cast-inxu 

Lasdy,  Citizen  Clouet  observed  the  same  transitions  d^ 
pendant  on  the  respective  quantities,  by  heating  cast-irao, 
and  the  oxyde  of  iron ;  cast-iron  and  forged-iron  ;  die 
oxyde  of  iron  and  ircm ;  the  o\yde  of  iron  and  steeL  No 
more  than  one-fifth  of  cast-iron  b  necessary  to  convert 
bar-iron  into  steel.  # 

Iron  and  its  oxyde  do  not  intimately  unite  together. 
The  black  oxyde,  mixed  with  half  the  quantity  of  char- 
coal  which  would  be  necessary  for  its  reduction,  aflbids 
iron,  which  is  soft,  possessing  little  tenaci^,  of  a  black 
colour,  and  indistinct  firacture. 

Onc-sixth  of  oxyde,  restores  common  sted  to  the  $tirte 
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of  iron,  by  heating  ^m  together  in  thefc^^dr  in  the 
way  of  cementation. 

At  the  end  of  his  memoir,  Citizen  Clouet  has  given  ob- 
servations  on  the  manner  of  producing  cast-steel,  and  the 
furnaces  proper  for  this  effect. 

He  determines  the  nature  of  the  fl  uxes,  the  degree  of  heat, 
the  quality  of  the  crucibles,  the  precautions  for  casting 
the  ingot,  the  method  of  forging  this  kind  of  steel,  the  pro- 
cesses to  be  followed  in  experiments  at  the  forge  upon 
.  two  kilogrammes  of  the  materials,  and  the  proportions  to 
be  giren  to  a  reverberatory  furnace  capable  of  heating 
four  crucibles,  each  containing  12  or  13  kilogrammes  of 
steel  (about  28  pounds  avoirdupois  each  crucible). 

He  remarks,  that  the  mere  ingredients  of  saline  glass 
cannot  be  direcdy  used  in  this  process ;  that  glasses, 
which  are  too  fusible,  render  the  steel  difficult  to  forge ; 
Aat  steel,  kept  for  a  long  time  in  fusion,  takes  up  more 
jjb  glass  than  is  proper ;  and  lastly,  that  the  melted  matter 
f  must  be  stirred,  and  the  glass  carefully  taken  off  before 
casting,  in  order  to  prevent  its  mixing  with  the  steel. 

The  Commissaries  of  the  Institute  proceeded  to  repeat 
and  verify  the  experiments  of  Citizen  Clouet.  These 
operations,  which  are  related  at  length,  were  as  follows. 
1.  Six  hectogrammes  (about  21  oz.  avoirdupois)  of  fi- 
lings of  farrier's  nails,  and  four  of  a  mixture  of  equal  parts 
of  ndiite  marble,  or  carbonate  of  lime,  and  baked  clay  of 
an  Hessian  crucible,  both  reduced  to  powder,  were  well 
blended  together,  and  exposed  to  the  heat  of  a  forge-fur- 
nace urged  by  three  bellows-pipes  for  an  hour  and  a  half. 
The  crucible  failed  at  the  first  experiment ;  but,  on  repe- 
tition, a  bar  of  steel  was  afforded.  2.  Upon  making  the 
experiment  with  Macquer's  furnace,  the  fusion  was  not 
complete,  though  the  fire  had  been  urged  to  151^  of 
We^wood.  3.  In  another  excellent  wind-furnace,  367 
grammes  (about  13  oz.  avoirdupois)  of  small-drawn  iron 
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Dails,  and  245  grammes  (about  8i  oz.  av<nrdupob) 
mixture  of  carlwnatc  of  lime  and  baked  clay,  wtn  a- 
posed  to  strong  heat  foranliour,  when  the  fusion  tvasjudg* 
cd  to  be  complete ;  and  after  removing  the  vitreous  mab 
ter  the  ingot  ivas  poured  out.  From  tiie  effixt  produced 
on  two  pjTometric  pieces,  it  was  judged  that  tljc  steel  had 
under^iie  a  heat  of  150  degrees.  This  steel  had  all 
the  properties  of  cast-steel,  and  was  made  iiito  razors  bjr 
citizai  Lcpctilouajlc,  uho  found  it  of  a  good  quality,  eaqt 
to  be  workwl,  and  capable  of  beitring  a  comparison  wilh 
die  cast-stccl  marked  Marslutl  :uid  B.  Huntsman. 

Upon  tltese  facts,  the  reporter  observes,  that  since  imn 
docs  not  become  slccl  but  by  taking  up  about  0,2013  off 
its  weight  of  carbon*,  and  in  the  present  process  it  exists 
only  in  die  form  of  carbonic  acid,  this  acid  must  cons^ 
quendy  be  decomposed  ;  which  happens,  as  the  rcportB 
observes,  by  means  of  a  combination  bct^vecn  its  prind- 
pies  respccti\ely  and  certain  adequate  portions  of  the  iroa, 
tliat  is  to  say,  the  oxygen  of  the  acid  combines  with  part 
of  the  iron,  and  forms  an  oxyde  \vith  ^vhich  the  vitreous 
flux  becomes  charged,  and  the  carbon  combines  woih 
the  rest  of  the  iron,  and  forms  steel.  Hence  it  may  be  in- 
fenvd,  that  this  new  process  must  be  attended  ivith  a  loss 
of  so  much  more  consequence,  as  it  is  necessary  to  use 
iron  of  the  best  quality  for  making  steel.  But,  on  this 
head,  tlie  reporter  takes  nouce  diat  die  loss  in  the  experi- 
ment with  dieivind-fumace  ivas  not  quite  one-twelfth  part; 
and,  in  another  exjjerimcnt,  by  VauqueUn,  the  Io»s  ^vas 
less  than  one  twenty-second  part;  a  loiis,  which  he  ob- 
serves, will  be  well  repaid  by  tlie  increased  value  of  the' 

•  This  quantity  (upwaifls  oF  onc-fifih)  Bo  mitdi  exceed*  any  tA- 
dition  which  iron  isstatei!  to  gain  by  conversion  into  steel,  tii«  I 
suppose  iiio  be  0,2013  in  the  centenary  or  hundred  parts  of  iron> 
Iron  is  reckoned  to  gain  about  a  little  moi'e  thaii  haJf  a  pound  V 
Uie  huiiUretl  weight  by  ctBieiiUiion.— 3  Nich.  Jour.  <pito.  13*. 
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product,  and  may  reasonably  be  expected  to  be  still  less 
in  operations  oa  a  large  scale.    He  thinks,  moreover,  that 
Ais  new  method  may  probably  turn  out  of  high  value  fiir 
producing  steel  of  uniform  quality  with  r^ard  to  the  dose 
of  carbon*     For  he  thinks  that  this  quantity,  or  propor- 
tioais  likely  to  be  determined  by  the  equilibriuni  of  the 
ibroes    of.  affinity  wluch    cause    the    decomposition 
1^  .of  the  carbonic  acid.     Or,  in  other  words,  if  we  sup- 
pose an  indefinite  quantity  of  carbonic  acid  to  be  presented 
4rt  an  elevated  temperature  to  a  mass  of  iron  not  greater 
dian  could  be  converted  by  the  dose  of  carbon  cont^ed 
in  diat  acid,  the  iron  will  form  two  combinations,  the 
oxyde  and  the  steel ;  and  it  is  conceived  that  the  equilibri- 
'  nm  between  the  attraction  which  tends  to  preserve  the 
r  union  of  principles  in  carbonic  acid,  and  those  which  are 
exerted  between  the  iron  and  those  principles  will  prove 
^  to  be  such  that  the  carburet  of  iron  will  be  formed  precise- 
k  ly  in  those  prqxMtions  which  constitute  good  cast-steel. 
r  This  subject,  whicli  certainly  shews  the  acuteness  of  Ci- 
tizen Guyton  with  regard  to  the  doctrines  of  chemical  at- 
traction, must  be  decided  by  the  test  of  experiment. 

The  report  is  concluded  with  a  summary  of  the  facts 
and  observations  it  contains,  tof^ether  with  an  inference, 
ihat  the  immediate  conversion  of  iron  into  steel,  without 
xxsmg  charcoal,  b  a  great  and  v;iluable  discovery  with  re- 
gard to  the  increase  of  national  industr}' ;  that  there  is  no 
doubt  but  the  process  will  succeed  in  die  large  way,  and 
Aat  Citizen  Ciouet  is  entided  to  a  public  recompencc  toe 
his  liberal,  and  unreserved  communications. 

That  all  the  facts  are  of  high  value  to  science,  and  that 
the  observation  respectmg  the  combination  of  vitreous 
matter  with  iron,  as  well  as  that  which  shews  that  carbo- 
nic acid  can  produce  the  steel  conversion,  are  new  and 
impcxtant,  cannot  be  questioned ;  but  whether  the  use  of 
carbonate  of  linie  and  clay,  which  is  attended  with  some 
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loss,  may  be  preferable  to  vitreous  flux  and  coal,  which 
afford  some  small  ad(titional  weight,  is  not  yet  as  it  should 
appear,  decided  by  the  actual  operaticxis.'' 

These  experiments  of  Clouet,  were  repeated  by  Muk 
et ;  who  found  that  no  mixture  of  limestone  and  chy,  M 
fusion  with  lime  alone,  or  with  glass  alone,  in  a  eommm 
crucible,  would  convert  iron  into  steel ;  though  the  jpnv 
perties  of  the  iron  were  in  some  degree  altered  :  butiritflik 
the  fusion  took  place  in  a  black-lead  crucible,  sted  im 
uniformly  produced.  Hence  it  may  be  reasonably  pr& 
sumed,  that  the  carbon  was  furnished,  not  by  the  decom- 
posed carbonic  acid  of  the  limestone,  but  by  the  bhck^ 
lead  mixed  with  the  crucible ;  black-lead  being  a  very 
highly  carburetted  iron.  : 

These  ideas  were  pursued  by  Mushet;  who  KCflt  A 
through  a  course  of  trials  on  the  fusion  of  pure  malleafak  ^ 
iron  with  charcoal  alone  in  various  propordons.  As  Muslim 
et's  experiments,  have  in  my  opinion,  settled  the  theory 
of  the  formation  of  Steel,  I  shall  give  them  atkngth. 


i 


On  the  different  Proportions  of  Carbon  which  con- 
stitute the  various  Qualities  of  Crude  Iron  and  Sted 
By  T>  AVID  Mushet,  Esq.  of  the  Calderlran  Works* 

It  is  of  considerable  importance  to  die  manu&cturer  to 
ascertain  the  absolute  portion  of  charcoal  which  in  his  pro- 
cess becomes  united  with  the  metal  to  form  cast  iron. 
Havbg  once  admitted  the  fact,  that  it  is  in  the  ratio  of  the 
carbon  presented  to  the  metallic  particles  that  he  obtsjns 
a  determinate  quality  of  crude  iron,  experiment  will  ena- 
ble him  to  deduce,  that  in  manufacturing  the  richest  m^ 
tures  of  iron  his  produce  from  the  ore  will  be  more,  bf 
the  extra  quantity  of  carbon  necessary  to  constitute  this 
quality,  than  when  the  inferior  numbers  of  iron  are  produ- 
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tied,    in  all  cases,  therefore,  in  making  cast  iron,  conside- 
rable quantities  of  the  coal  become  united  widi  the  iron, 
|l  ftrming,  by  iit^bt^  a  portion  comparatively  great. 
t  '    From  the  usual  piio(5esses  hitherto  employed  in  manu- 
r  &cturing  blisteftd  steel,  the  positive  quantity  of  carbonf 

-  %luch  became  united  with  the  iron  never  became  an  ob- 
Jccit  WOTthy  of  tlie  attention  of  the  manufacturer.     It  wa» 

gMufficient  to  him  that  his  bars  possessed  blisters  sufiicient- 

W^  large  and  pfominent  to  assure  him  that  hig  steel  was  suf- 

P  fieiently  converted.  The  unerring  test  of  practice  through 

4  kmg  series  of  operations  confirmed  the  correctness  of 

'  Jltas  deduction ;    and  it  must  have  appeared  a  matter  of 

impcHtance  to  the  formation  of  steel,  that  its  direct 

ition  of  principle  should  be  developed ^  or  the  laws 

I  ivhich  regulate  its  affinity  in  cemcnta^ouir 

No  additional  fact  was  necessary  tp  the  production  of 
«.  cast  steel.     The  simpk  fusion  of  bar  steel,  regulated  by 

-  such  circimistances  as  practice^  and  the  various  uses  to 
I  which  this  steel  is  applied,  was  all  that  was  necessary  to 

be  known ;  the  affinity  of  iron  for  carbon,  and  the  various 
proportions  in  which  it  exists  with  the  metal,  forming  the 
I  diflGbfent  qualities  of  steel,  here  met  with  no  elucidation. 

On  the  contrary,  we  still  find  that  the  union  of  iron  and 
eharcoal  to  f(x*m  steel,  is  a  matter  of  doubtful  opinion  s^- 
mong  marm&cturersy  and  the  weight  gained  by  its  cemen- 
tation generally  denied^ 

It  is  only  lately  that  a  process  has  been  brought  into 
use  for  making  cast  steely  which  has  for  its  basb  oc  prin- 
ciple the  direct  proportions  of  carbon  necessary  to  form 
Steel,  illustrative  at  the  same  tinrc  of  that  beautiful  phae- 
t  nomenon  erf*  affinity  betwixt  iron  and  carbon,  which  consti- 
tutes the  endless  varieties  of  this  metal. 

To  investigate  this  subject  with  accuracy,  it  appeared  to 
ne  that  a  series  of  experiments,  made  by  the  fusion  of  bar 

Zz 
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iron  \vith  wdl  prepared  charcoal  of  wood  in  vessels  com* 

pktely  air-tight,  would  be  productive  of  the  greatest  nkx- 

ty  6f  result.    Widi this  view,  the pnqportions  of  inmaod^ 

charcoal  recorded  in  the  following  experiments  were  cadi 

of  them  introduced  into  crucibles  of  Stourbridge  dsj 

while  the  clay  was  yet  moist.    The  top  was  accurate^ 

closed  upon  the  contents,  and  the  crucibles  set  aside  to 

dry  for  eight  or  ten  days.    Previous  to  the  introduc&n 

into  the  melting  furnace  they  were  baked  in  a  common  ai* 

nealing  fire  to  bring  them  to  aii  ordinary  red  heat:  fim 

this  furnace,  while  hot,  they  M'cre  successively  placed  in 

the  assay-furnace  (or  reduction. 

The  following  are  the  details  of  these  experiments : 

Gnuos. 
Exp.l.  Pieces  of  Swedish  iron        -         -  1173  i 

Charcoal  „  or         -  grs.  581 1 

The  mixture  was  exposed  to  a  moderate  d^;iee  j 

of  heat  for  70  minutes,  when  the  crucible  was 
withdrawn.    When  cold  it  was  carefully  exa- 
mined, and  found  free  fix>m  cracks. 
Charcoal  untaken  up,  of  a  deep  black  colour,     310^ 

Charcoal  disappeared  in  the  fusion  •  271 

equal  to  48  per  cent,  of  the  original  quantity. 
The  button  obtained  ivas  supercarbonated  crude  irdo, 
and  weighed.  1233 

Gained  in  weight,  by  the  combinaticxi  of  carbon,    60 
equal' to  -j^th  part  fully  of  the  first  weight  of  irwi. 

The  fracture  of  tliis  button  was  exacdy  that  of  Na  L 
pig  iron,  towards  the  upper  sur&ce  largely  granulated; 
and  below  a  substmtum  of  small  ^^uned  metal  resem- 
bling No.  III.  pig  iron.  Gruns. 
Total  weight  of  the  mixtures           -  1754; 
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Charcoal  remaiinng        SlOf  grains. 

Iron  obtsdned        -          1233  grains.  154S 


Total  loss  in  fusion  211 
The  quantity  of  charcoal  which  disappeared  in  this  ope- 
ration was  equl  to— 4  th  part  the  weight  of  the  iroi\. 

4  Yo  Gpftins. 

JSxp.  11.  Swedish  bar  iron  -  -  1093 

Charcoal  ^,  or        -        -       grs.  273J 

The  fusion  of  thi^  mixture  ivas  effected  in 
fifty  minutes^     When  cold,  the  crucible 
-  was  found  entire,  and  containing  of  charcoal 
\  not  taken  up  90J 

Lost  in  the  fiisicm  183 
'  '  equal  to  67  per  cent  of  the  ori^nal  weight  of  char- 
coal.   A  fine  button  of  supercarbonated  crude 
iicxi  was  found,  which  weighed  -  1143 

Gained  in  weight  by  combination  of  charcoal  50 
equal  nearly  to  —d  part  the  weight  of  the  iron  employed. 
The  firacture  of  this  button  was  inferior  in  point  of  lustre 
and  prominency  of  crystal.  It  was,  however,  sinular  to 
.  t})e  usual  run  of  the  No*  L  iron  of  the  manufacturer. 
The  quantity^c^  charcoal  which  disappeared  in  this  ex- 
periment was  equal  to  ith  part  the  weight  of  the  iron.  Grs. 

The  aggregate  of  the  nuxture  weighed      ,       1366' 

Charcoal  remaining        90^  grains. 

Jron  obtained      •        1143   grains.  1233i 

Lost  in  Aveight  upon  the  whole         133 


Exp.  III.  Swedish  iron  in  pieces        -        *       1143 

Charcoal  ^th,  or        -         grs.  190 
This  mixture  was  fused  in  thirty  minutes, 

and  was  allowed  to  cool  to  a  low  red  heat 
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before  it  was  removed  from  the  funaoe.  Ciate. 

When  cold,  the  cracible  was  foimd  without 
cracks,  and  the  charcoal nottaboi  up  wdghed    55 

Charcoal  disappeared,  equal  to  71  percent.    135 

The  metallic  button  now  obtained  was  superbly 

carbonated  so  as  to  resemble  a  mass  of  carburet 

of  iron.  It  weighed  -  •  11^ 

Original  weight  of  the  iron  -  11*3 

Gained  by  combination  of  charcoal  50 
equal  nearly  to  -^d  part  the  weight  of  the  iron.  All  the 
surface  presented  by  tliis  button  was  uniformly  covtwd  ^ 
with  a  rich  and  lustrous  coating  of  carburet,  indicating 
a  superior  quality  of  crude  iron.  The  quantity  of  char- 
coal  which  disappeared  on  this  fusion  was  equal  to  ^ 
jpart  die  weight  of  the  iron  employed. 

The  aggregate  of  mixture  here  weighed    -    ISSS  ' 

Charcoal  not  taken  up      55  grains. 

Iron  obtained  -     1193  grains,  1248 

Total  loss  in  the  melting  85 
It  is  wcNthy  of  remark,  that  the  loss  of  charcoal  in  diese 
experiments,  together  with  the  general  loss  in  fu^on,  di- 
minish, in  a  series  proportionate  to  the  quantity  of  charcod 
introduced,  bearing  no  perceptible  relation  to  the  quantity 
.  of  iron.  .  The  weight  gained  by  the  metallic  buttons  res- 
pectively, indicate  nearly  the  same  degree  of  saturation  of 
the  carbonic  principle,  whatever  difierence  of  appearance 
existed  as  to  external  appearance  in  No.  III.  It  tbere- 
fore  appeared  a  matter  of  some  curiosity,  worthy  of  invcs* 
tigation,  what  became  of  the  extra  loss  of  carbon  in  No,. 
I.  and  IL  beyond  that  sustained  in  No.  I.  when  the  rich- 
est  iron  was  produced. 
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—     —        —      Average  t  d  part* 


2i| 


Gndos, 
1060 


Charcoal  disappeared  No.  I.    IL    IIL 

1      1        i 

Equal  to  -  •  _     _        — . 

4^    6       8i 

1       1         1 
Gained  by  iron 

19      22       23 

General  loss  in  fusion    211    133     85 
Exp.  IV,  Swedish  iron 

Charcoal  -j^th,  or  106  grains. 
From  this  mixture  a  very  perfect  fusion  was  obtain- 
ed, in  which  all  the  charcoal  disappeared  except  a-> 
3>out  grains  composed  of  small  granules  possessing 
'it  rich  deep  black  colour.  The  metallic  button 
Sighed  1093 

Gained  by  the  combination  of  charcoal  33 
equal  to  -^d  part  the  weight  of  the  iron  employed.  In  ad- 
dition to  the  weight  of  the  button,  the  sides  and  top  of  the 
crucible  contained  a  considerable  number  of  minute 
Bpheres  of  iron  possessing  prismatic  colours.  The  sur- 
&ce  of  the  preseot  product  was  crystaUzed  in  radii.  The 
fracture  was  that  of  highly  blown  crude  iron  of  a  pale  sil- 
voy  white  colour^  marked  with  an  imperfect  cr)'stalliza- 
tioD.  The  quantity  of  charcoal  which  disappeared  in  this 
operation  was  equal  to^^th  part  the  quantity  of  iron  at  first 
introduced.  Grains. 

The  aggregate  weight  was  -  -        -  1166 

C^harcoal  remaining-  grain,  and  iron  obtained  1060  1060^ 

Total  loss  in  tlus  fusion     105^ 
Exp.  V.  Swedish  iron        -        -        .        .      1000 
Charcoal  ■;7^h,  or  -         -        -      66 

Thb  fusion  was  found  complete  after  half  an  hour's  expo- 
sure. The  charcoal  had  totally  disappeared.  The  me- 
laDic  button  was  regularly  crystallized,  and  weighed  1000 
gr^insi  being  exactly  tl^  same  weight  introduced.    Be^ 
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sides  the  button,  some  thousands  of  metallic  globules  eu- 
tirdy  covered  the  ^des  and  concav'e  top  of  the  enidbb 
It  was  found  impracticable  to  collect  them  all.  By  at 
^nation  they  appeared  to  be  from  15  to  20  grains.  Tk 
fracture  of  this  button  was  whitish  blue,  dear,  and  poaaesi- 
cd  a  lustre  similar  to  the  fracture  of  zinc.  An  appui 
mation  to  grain  was  visible,  and,  from  minute  oaaegn 

son,  a  very  early  stage  of  sted  was  inctcated. 

Gnu 

The  aggregate  of  tlic  mixture  weighed         -        1066 

Button  of  iron  1000,  globules  taken  at  20,      -    lOV 

Totalloss in  the  fusion       46 

Exp.  VL  Swedish  iron  -  -        .    1085 

Charcoal -^th,  or    -     5  Ingrains. 

The  mixture  yielded,  by  fusion,  a  metallic  button  | 

partially  cr^^stallized,  weiglung  ^  -  1032 1 

Lost  in  fusion,  equal  to  S12d\pait,  S 
The  charcoal  had  entirely  disappeared.  The  fractuxe  of 
this  button  displayed  a  very  regular  gnun,  ^milar  to  dot 
of  sted.  In  subjecting  it  to  forging  am}  other  tests,  it 
proved  to  be  steel  of  a  sofl  quality.  «  GraiDSi 

Original  weight  of  mixture          •         1086; 

Iron  obtained         ...        IQSS 

Total  loss  in  fusioo      5^ 

Exp.  VII.  Swedish  iron  ...  1055 
Charcoal  -j^th  part,  or  35  grains. 
A  very  perfect  fusion  was  obtained  from  this  expo- 
sure.  The  metallic  button  was  fi3und  beneath  a  co- 
vering of  glass  possessed  of  a  white  streaky  sur&oe, 
the  mass  of  which  was  of  the  transparency  and  co- 
lour of  a  smoky  topaz :  it  was  found  to  weigh    -    1052 


Lost  in  fusicm,  equal  toji^th  part  the  origioal  iron  3 
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• 

In  this  experiment,  also,  the  charcoal  had  completely 
Usappeared.  The  present  product  was  nunutely  exa- 
Eniiied,  but  gave  no  indications  of  steel.  After  being 
leeply  cut  with  a  chisel,  it  was  broken  vnUti  very  great 
lifficulty  across  the  anvil.  It  was  then  forged,  and  plung- 
ed hot  into  water;  but  did  not  harden.  It  generally  re- 
sembled those  qualities  of  iron  obtained  by  fusion  with 
terths  and  glasses.  This  experiment  was  repeated  four 
dmes,  and  always  attended  with  a  similar  result ;  so  that 
it  seemed  deducible  from  it,  that  ^th  part  of  carbon  in  ad- 
dition to  any  quantity  of  iron  was  insufficient  to  form 
steel ;  and,  referring  to  the  result  of  No.  VI.  it  appeared 
that  even  ~tli  part  formed  a  steel  much  too  soft  for  the 
general  purposes  of  manufacture.  This  conclusion,  how- 
ever, being  at  variance  with  facts  I  had  already  estabUah-* 
ed  upon  the  formation  of  cast  steel  in  common  craciblesi 
was  here  inadmissible.  It  was  therefore  necessary  to  seek 
ft>r  an  explanation  of  the  phaenomenon  of  the  charcoal  dis- 
appearing in  close  vessels,  formerly  alluded  to,  before  any 
certain  knowledge  of  tlie  exact  quantities  of  charcoal 
could  be  ascertained,  which  were  necessary  to  form  either 
cast  iron  or  steel  in  vessels  made  impervious  to  the  air. 
I  uniformly  remarked  in  the  present  experiments,  that 
when  the  quantity  of  charcoal  introduced  was  from  -j^tli 
to  T^oTth  the  weight  of  the  iron,  a  portion  of  glass  was  con- 
stantly formed  upon  the  surfiice  of  the  metallic  button. 
The  quantity  generally  increased  as  die  proportion  of  char- 
coal decreased  ;  so  that,  in  some  exi^criments,  300,  350, 
and  400  grains  of  amber- colour  glass  was  obtained.  The 
The  colour  was  blueish  black,  smooth  in  the  centre  but 
a  litde  oxdated  towards  the  edges.  Its  fracture  presented 
close  dark  grey  crude  iron.  The  crystals  much  closer 
and  more  minute  tlian  in  those  experiments  where  richly 
carbonated  crude  iron  was  obtained.     Appreciating  its 
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upper  surface  of  this  g^ss  was  frequently  of  a  pure  pa* 
ly  white  colour.  In  one  experiment,  where  -^^th  of  dm* 
coal  was  used,  I  obtained  a  brge  quantity  of  glass  celh' 
lar  throughout.  Each  cell  was  surmounted  upon  the  top 
with  concentric  circles  of  pearly  lines,  fcnrming  a  cunoul 
and  pleasing  effect. 

Having  fully  satisfied  myself  that  operations  perfbnnrd 
in  dose  vessels  thus  prepared  were  subject  to  uncertainly^ 
arising  as  well  from  the  formation  of  glass  as  firoiH  soot 
unknown  affinity  exerted  upon  the  charcoal ;  and  havkg 
performed  several  experiments  with  well  filled  cqpen  cruci* 
blea,  with  chi\rcoal  alone,  wherein  I  found  little  compani^ 
tive  loss,  I  performed  a  very  accurate  series  of  expov 
ments,  viz. 

Having  selected  a  parcel  bf  well-prepared  Stourbridge 
day  crucibles,  with  covers  exactly  fitting,  I  proceeded 
to  make  the  following  experiments  Upon  the  quantity  o£ 
charcoal  wliich  forms  crude  iron  and  steel ;  first  premis- 
ing that  both  crucible  and  cover  were  brought  to  abi^ht 
red  heat  before  the  substances  acted  upon  were  introduc- 
ed. This  was  done  with  the  greatest  possible  cautioo,  to 
avoid  volatilizing  any  part  of  the  charcoal^  and  renderiog 
the  result  inaccurate.  From  the  apf^oximation  of  these 
results  in  repeating  most  of  these  experiments,  I  found 
that  no  material  difference  had  occurred.  Grabs. 

Exp.  I.  Swedish  bar  iron  «  »  885 

Charcoal  ^,  or  .  grs.  442 

This  mixture  was  exposed  for  half  an  hour,  and 
a  perfect  button  of  supercarbonated  crude  iron 
was  obtained.  Along  with  the  metal  was  found 
of  intensely  black  charcoal  not  taken  up    •       290 


Charcoal  disappeared,  equal  to  34*4  per  cent.  1 52 
The  metallic  button  now  obtained  was  found  to  w^igh  928 


ifmecrigbdiiiinghtQftheinm       *%  43 

harcoai  diaqjpeared  *  ^         152 

Totd  loss  in  clfeiteoal         109 
iidve  \i^dgfat  of  tlie  iron  and  chaixx)al  origii^ 
hiced  .  -        -        grs*  1327  ,5 

obtained  in  ifae  fusion      grs*  d38 
Dpoal  not  taken  up  ^^         290 

' 1218 


Total  losd  in  this  experiment     ^  JP^ 

?j^   n.  Swed&h  bar  inm  «  ^  92S 

I^harcoai  one  fourth  part^  or     «    gnu  231^ 
tnixtttre,  aftef  a  similar  exposure^Hiras 
let^  fused  When  cold,  the  crucible 
lund  to  contain  of  vcxy  fine  charcoal   IftSj 

ml  disappeared  in  the  fiiaon,  equal  to 

rcent        *        .         .     .*.  106 

netallic  button  vifsA  ricUjr  Carbonated^  and 

cd  •  •  -  -         *      572 

diniragfat  by  the  «i^  of  charcoal,  j 

to  .^  th  part  of  fir  orig^ial  wei^ 

iron,  •  *  *  -  47 

oal  disappeared         «  «  ^  I96 

Lost  in  fustto^         59 
dve  wdght  of  iitA  and  chatcoal  crig^nalljr 
uced  -^  «  grs.  1156^ 

obtained  in  the  fosioii    gn*  972 
toal  not  taken  im       •         125|  , 

Total  lo68md)Ba€3qperiiii|?4         S9 

,...,#  .        ^  •• 


•S 


<■.'•. 


-4 


Stf6  Cast  Steei. 

^o:/.  III.  Swedish  bar  iron        -         •  •       915 

Charcoal  ith,  or  -  grs.  152 

This  mixtnre  was  subjected  to  a  similar  heat, 
and  a  perfect  fusion  effected.  There  was  found 
of  charcoal  not  taken  up  ^  •  65 

Charcoal  disappeared,  equal  to  57  per  cent.  87 
The  metallic  button  resembled  the  produce  of 
No.  I.  and  11.  and  weighed        -         -  -         960 

Gained  by  the  fusion,  equal  to  r^^^^  P^^  ^^  ^^ 
weight  of  the  iron        .        i.        -  .        -        45 

Charcoal  disappesffed  .  L  .  87 

Lost  in  the  fusion   42 
CbOectivc  weight  of  the  iron  and  charcoal  used  1067 
Iron  obtained  -  -         grs«  960 

Charcoal  remaining  -  -        65 

1025 


Total  loss  in  this  experiment    42 

Exp.  IV.  Swedish  bar  iron        -  .  977 

Charcoal  one  eighth^  or        -     grs.  122 
This  mixture  entered  into  fu^on  in  nearly 
the  same  time  as  tlie  former.    There  wds 
found  on  the  surface  ol  the  metal  a  portion 
of  very  beautiful  carbon,  wliich  weighed        40 

Lost  of  charcoal  in  fusion^  equal  to  67  and 
2  tenths  per  cent.  -  -  -  82 
The  metallic  button  obtained  in  this  expe- 
riment was  superbly  carbonated,  and  appa- 
rently formed  an  entire  mass  of  carburet* 
It  weighed 1020 

Gained  m  weight  by  theimioiiQf  carboo,eq^ 


r* 
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>  S2  and  four  tenth  part  the  first  weight  pf  the 
ton  -  -  -  .        .        ,       43 

Charcoal  disappeared  •  -       >    «      82 

Lost  in  the  fusion      39 

>riginal  weight  of  the  mixture        -     grs.  1099 

Iron  obtained  -        •       grs.  1020 

Charcoal  remaining        .        .         40 

1060 


Total  loss  in  this  experiment  39 

^  Mxp.  V,  Swedish  bar  iron        .        ,        -      1 125 

Charcoal  one  ninth,  or        ^        grs.  122 
from  this  fusion  was  obtained  a  supercar- 
lonatcd  button  of  crude  iron,  upon  the  sur- 
ioe  of  which  was  found  of  fine  charcoal  25 


Lost  of  charcoal,  equal  to  80  per  cent.  97 
^mpared  with  the  former  results,  the  metal 
ow  obtsdned  was  inferior  in  point  of  carbo- 
Btion.  Its  surfiice  was  smooth,  and  of  a  dull 
ad  colour ;  entirely  firce  fix)mthe  usual  shin- 
ig  specks  of  carburet  which  very  rich  crude 
on  contains  upon  its  surface.    It  weighed      *     1 168 


^ 


lained  in  fiision,  equal  to  one  26th  part  the 

ei^  of  iron  employed  -  •  -         43 

Charcoal  disappeared        *         ^  •  .  97 

Loss  in  the  fusion     54 

Collective  weight  o[  the  mixture         grs.  1247 

Weight  of  metallic  button      grs.  1168 

Charcoal  not  taken  up  -  25 

1193 


■■V 


Total  loss  in  tlus  exptrimeDt      54 


8M 
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Exp.  VL  Swedish  iron 

Charcoal  (me  twelfth  or  -  grs.  73 

This  was  aafliciently  heated  to  produce  lii»oii« 
When  cold,  tliere  was  found  upon  the  sur£MX 
of  the  metal  a  portion  of  very  black  charooal 
weighing  .  •  .  ^ 


12 


Lost  in  the  fusion,  equal  to  83  and  a  half  per  cent.  61 
The  metallic  button  possessed  a  uniformly  smoodi 
surface,  partially  covered  with  carburet,  and  wqghed  9S0 


Gabed  by  the  combination  of  charcoal,  equal  to 
twenty  second  part  ... 

Collective  weight  of  the  mixture  originally  intro- 
duced -  -  grs.  953 
Charcoal  not  taken  up         -          grs.  12 

Iron  obtained  -  -  920 

932 


40 


21 


Lost  m  the  fu^on 
Charcoal  disappeared  •  grs*  61 

Iron  gained  in  weight  •  40 

Total  loss  in  this  experiment  31 
From  the  results  of  these  experiments  it  becomes  ob- 
vious that  bar  iron  may  be  converted  into  the  finest  mh 
lities  of  crude  iron  by  the  addition  of  any  portion  of  char- 
coal from  one  half  to  one  twelfth  part  its  weig^ :  fliat  m 
passing  from  the  malleable  to  the  carbonated  crude  strict 
it  uniformly  gains  in  weight  by  a  combination  of  carbo- 
naceous matter  equal  to  ^,  iii^*i2St*'sti:^ 
-^:  average  -jly^th  part  its  oato  weight 

It  b  here  again  worthy  of  remark,  that  in  all  these  er« 
peiiments  with  open  vessels,  a  portion  of  charcoal  diap* 
peared  always  in  proportion  to  the  quantity  jntgydliC^ 
and  not  analogous  to  the  quantity  of  iroiu    ^^ 


,»■ 
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Disappeared  of  Charcoal  -  Iron  gwncd. 

When  one  half  was  used,  34*4  per  cent,    -  SoT**  P^^^ 

When  one  fourth  was  used,  45  per  cent.     --  17?o^  P^« 

When  one  sixth  was  used,  57  per  cent.       -  gjjr^h  part. 

When  one  eighth  was  used,  67*2  per  cent.  5^^^  P^rt* 

Ti 

When  one  ninth  was  used,  80  per  cent.       -    -^th  part* 
When  one  twelfth  was  used,  83*5  per  cent.         ^d  part. 

Upon  the  whole,  if  the  results  of  these  six  experiments, 
r  performed  in  open  vessels,  are  compared  with  the  three 
first  detailed  in  last  communication,  where  a  similar  qua* 
lity  of  crude  iron  was  obtained  in  vessels  perfectly  close^p 
DO  material  difference  will  be  found.  They  mutually  sup* 
port  each  other,  as  to  the  quantity  of  carbon  necessary  to 
form  crude  iron,  while  they  still  leave  in  doubt  the  cause 
of  the  disappearance  of  the  charcoal  in  close  vessels.  In 
the  case  of  open  vessels,  it  b  highly  probable  that  a  consi- 
derable portion  of  the  charcoal  is  destroyed  before  the 
heat  of  the  furnace  is  sufficiently  strong  to  lute  the  cover 
of  the  crucible. 

This  still,  however,  leaves  unexplained,  why,  in  expe- 
riment L  a  loss  of  152  grains  of  charcoal  is  sustained ; 
ivhile  in  No.  VL  the  original  quantity  introduced  did  not 
amount  to  half  that  quantity,  yet  12  grains  of  the  latter 
.  ivas  found  entire  resting  upon  the  surface  of  the  reduced 
metaL  The  thickness  and  capacity  of  the  crucible  in 
both  cases,  and,  indeed,  all  these  experiments^  were  near- 
fy  alike* 

The  &ct  of  malleable  iron  being  convertible  into  the 
most  carbonated  state  of  crude  iron,  either  in  close  or  open 
vessels,  where  a  portion  of  the  carbonaceous  matter  Avas 
found  reposing  upon  the  sur&ce  of  the  newly-changed  me- 
taly  creates  some  doubts  as  to  the  existence  of  oxygen  in 


370  Qisi  SieeL 

crude  iron.   If  it  be  admitted  that  bar  iron  is  destitute  of 
oxygen,  which  it  is  Iiighly  probable  is  the  case ;  if  a  por- 
tion of  this  iron  be  introduced  and  fused  along  with  a  por- 
tion of  carbonaceous  matter  in  a  vessel  impervious  to  aiTy 
which  vessel  is  found,  when  cold,  to  be  more  than  half 
filled  with  charcoal,  protecting  a  metallic  button  of  crude 
iron  below ;  it  is  with  the  greatest  difficulty  ^ve  can  ad- 
mit of  the  presence  of  oxygen  in  the  metalUc  mass.    It 
may  be  urged,  that  charcoal,  considered  asan  oxyd  of  car- 
bon, might  impart  a  partion  of  oxygen  to  the  metal.    This 
must  suppose,  however,  a  continual  action  and  reactioa 
of  affimty,  wherein  it  is  presumable  the  carbon  would  final- 
ly prevail,  and  carry  off  the  oxygen.     I  conceive  it  more 
just  to  suppose,  that  what  quantity  of  oxygen  was  con- 
tained in  the  charcoal,  would  be  discharged  by  the  latter 
deoxydating  itself  analogous  to  its  superior  affinity,  rather 
than  combining  with  the  iron. 

It  is  a  fact  well  known  amongst  manufacturers,  that 
cast  iron  of  a  silvery  white  fracture  may  be  saturated  to  ex- 
cess with  carbonaceous  matter  simply  by  cementing  it  in 
contact  with  charcoal.  In  this  process  it  acquires  a  soft 
grey  fracture,  easily  reducible  by  the  file.  If  this  cast  iron 
originally  contained  oxygen,  a  long  cementation  in  con- 
tact with  charcoal,  most  likely,  would  deprive  it  of  this; 
yet  we  fmd  it  still  possessed  of  all  the  properties  of  cast 
iron.  From  this  we  should  be  apt  to  conclude  that  oxygen 
at  least  is  not  necessary  to  the  production  of  crude  iron. 

Agdn,  in  the  process  of  cementation,  bar  iron  is  first 
changed,  by  a  comparatively  small  dose  of  carbon,  into 
steel.  If  this  steel,  by  accident  or  intention,  be  continued 
somewhat  longer  in  the  furnace  under  an  increased  tempe- 
rature, an  excess  of  affinity  is  established  betwixt  the  me- 
tal and  the  charcoal  without  the  presence  of  a  third  prin- 
ciple :  the  steel  becomes  gradually  more  and  more  carbo- 
nated :  it  changes  its  fracture  of  granulation^  if  I  may  be 
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allowed  the  term,  from  that  peculiar  to  blistered  steel, 
through  all  those  breaks  peculiar  to  the  respective  qualities 
ofcrudeiron;  and  may  at  last  pass  into  the  state  of  a  car- 
buret of  iron  totally  different  in  its  properties  and  appear- 
ance fix)m  either  steel  or  crude  iron.  This  process  msf 
be  carried  on  to  the  utter  exclusion  of  atmospheric  air;- 
and  here,  if  the  process  is  stopped  in  its  proper  stages, 
will  be  found  all  the  various  qualities  of  crude  iron 
fixtned  without  perfect  fusion,  where  we  cannot  conceive 
oxygen  to  have  existed. 

1  am  aware  of  adducing  circumstances  from  tiiese  ex- 
periments, at  variance  with  the  present  received  opinions 
upon  the  constituent  parts  of  cast  iron,  and  also  in  oppo- 
sition to  principles  which  I  have  formerly  laid  down.  I 
wisli  not  the  present  hints  to  be  considered  as  assertions. 
As  irreconcileable  in  some  degree  with  former  opinions, 
I  wish  they  may  lead  to  an  ample  investigation  of  the 
subject.  The  distinction  hitherto  made  betwixt  crude 
iron  and  steel,  particularly  by  tlie  French  chemists,  has 
been,  that  crude  iron  was  the  metal  imperfectiy  reduced, 
but  that  the  latter  was  iron  perfectiy  reduced,  combined 
ivith  a  small  portion  of  carbon.  The  fact,  however,  of 
malleable  iron  passing  into  the  state  of  fine  crude  iron 
M'ithout  the  contact  of  an  oxygenous  body,  puts  it  upon 
a  similar  footing  with  steel,  only  altered  by  a  greater  com- 
parative quantity  of  caibon.  This  reduces  us  to  the  ne- 
cessity of  drawing  one  of  the  t\v  o  following  conclusions : 
that  steel  is,  equally  as  crude  iron,  a  combination  of  iroi^ 
carbon,  and  oxygen ;  or,  tiiat  crude  iron  differs  from  steel 
only  in  the  proportion  of  the  carbon  with  which  it  is  satu- 
rated. 

JSxp.  VII.  Swedish  bar  iion  -  grs.  1174 

Charcoal  jjih  part,  or  78  grs. 
A  fusion  was  obtained  from  thb  mixture,  after 
which  there  remained  only  a  small  portion  of  char- 


1^ 
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coal,  too  minute  tor  weighing. 

The  metallic  button  weighed 

Gained  in  weight  by  thecombinadon  of  charcoal    39 

equal  to  T^th  part  the  weight  of  the  iron.  ^— 

Weight  of  tlie  iron  1174,  and  charcoal  78,=     1252 

"Weight  of  the  button      ....         1213 

Total  loss  of  weight  in  the  fusion  SJ 

equal  to  that  gained  by  the  iron.  Upon  minute  'msfcc- 
tion,  no  part  of  the  surface  of  this  button  was  cafbrnumji 
The  colour  was  bluetsh  black,  smoodi  in  the  ccntRbut  a 
little  oxidated  towards  the  edges.  Its  fracture  presented 
close  dark  grey  crude  iron.  The  cr)sta]s  much  cloea- aod 
more  minute  dian  in  those  experiments  where  richljr 
c^trbonated  crude  iron  ^vas  obtained.  Appreciating  hs 
real  quality  by  comparison  widi  crude  iron  nunuiiicturcd 
for  sate,  it  occupied  that  rank  generally  kitown  by  the 
names  of  No.  II.  grey  melting  pig  iron. 

Exp.  Vni.  Swedish  bar  iron        -        -       grs.  9ffl 
Cliarcoal  ^ith  part,  or  46  grs. 
From  the  exposure  of  diis  mixture  there  resulted  a, 
very  perfect  metallic  button  uhose  upper  sui&ce 
presented  a  pardal  degree  of  radiated  crystallization. 
It  was  found  to  weigh  -  -  '  950 

Gained  in  weight  by  the  combinaticm  of  carbon  28 
equal  to  y^d  part  the  original  weight  of  the  iron.  The 
ft-jcture  of  this  button  was  smooth,  silvery  wlute,  occa- 
sionally studded  with  carbonaceous  specks  in  the  farm  of 
small  grains,  an  exact  resemblance  to  molded  pig  iron. 
In  this  evpcriment  there  remained  not  the  most  diataot 
trace  of  carbonaceous  matter.  A  small  portion  of  amber* 
ccdotired  ^ass  vras  fanned  round  the  edges  of  the  meliL 
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Grains. 
Wei^tof  the  iron  923,  charcoaI46,  »  .  968 
Metal  resulting  ...  950 

m 

Total  loss  of  weight      18 

cp.  IX.  Swedish  bar  iron  -  -  1330 

Charcoal  ^^th  part,  at  53  grs. 
n  tliis  mixture  a  perfect  fusion  and  metallic 
cm  was  obtained^  which  weighed  -  1351 


Euned  in  weight  by  the  combination  of  carbon  21 
i  to  j|d  part  the  weight  of  the  iron.  In  this  experi- 
t  also  the  charcoal  had  completely  disappeared.  The 
:r  surface  of  the  button  was  smooth,  the  under  surface 
iderably  pitted.  The  concaves  chequered  with  a  rude 
tallization  peculiar  to  cast  iron.  The  fracture  of  this 
dlic  mass  was  bright  silveiy  white,  destitute  of  grain, 
exhibiting  a  very  perfect  streaky  crystallization  slight- 
adiated.  Its  resemblance  was  strikingly  similar  to 
of  highly  blown  cast  iron  prepared  in  the  finery  for 
purposes  of  bar  iron  making ;  an  operation  common- 
I  use  for  the  purpose  of  decarbonating  the  iron,  that 
ay,  in  die  subsequent  process,  sooner  pass  into  the 
of  malleability.  The  weight  of  iron  and  charcoal  in 
:xperiment  amounted  to  grs.  1383 

Iron  obtained  -  -  1351 


Total  loss  in  the  fusion       32 


x^.  X.  Swedish  iron  -  -  1348 

Cliarcoal  -^th,  or  45  grs. 
1  this  proportion  of  mixture  in  half  an  hour 
rfcctly  fused  button  of  metal  was  obtsdned, 
hivas  found  to  ^veigh  •  •  1359 

lined  in  weight  by  the  combination  of  carbon         1 ) 

3B 
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equal  to  ~7d  part  the  original  weight  of  the  iron.  The 
upper  surtace  of  this  button  was  smooth  without  cqdK- 
guration.  Below  the  surface  was  uneven,  and  covoed 
with  minute  bbt  perfect  cr}'staHization.  Its  fracture  was 
blucish  silvei^'  white,  composed  of  flat  dazzling  oystalsi 
proceeding  in  lines  firom  a  centre  to  the  edges  of  the  but- 
ton. Here  it  was  most  obvious,  that  finom  the  smaUneas 
of  the  ]xt)portion  of  carbon  presented  to  the  iron,  the  re* 
suiting  product  was  found  assuming  the  earliest  stage  of 
granulation  approaching  to  the  steely  state.  The  brilliant 
concretions  observable  in  the  surface  of  the  button  were 
too  indistinct  and  flat  for  steel  capable  of  withstanding  the 
hammer.  Grains. 

The  jouit  Avcight  of  the  iron  and  charcoal  amounted  to  1393 
Iron  obtained    -  •  -  -  1359 

Total  loss  of  weight  in  the  fusion        34 

Exp.  XI.  Swedish  iron  .  .  1502 

Charcoal  73th,  or  37  grs. 
The  metallic  button  obtained  by  the  fudon  of  this 
mixture  weighed  ...  1505 

Gained  in  weight  by  the  union  of  carbon  3 
equal  to  -rio^h  P^  ^^  fi^  weight  of  iron.  The  upper 
sur&ce  of  this  button  was  smooth,  with  a  &int  impresaoB 
of  a  chequered  crystallization.  The  under  surfiee  pos- 
sessed some  large  pits  similarly  though  mare  perfectly 
crystallized. 

The  fracture  possessed  one  shade  of  blue  beyond  that  d . 
No.  X.  A  regular  granulated  surface  composed  of  flat  ok 
long  crystals  was  observable,  still  too  indistinct  and  too 
much  on  edge  for  workable  steel.  The  wei^  of  char- 
coal and  iron  in  this  experiment  amounted  to  grs.  1539 
Metal  obtained  -  .  1505 

Total  loss  of  w^^t  in  the  fiision    34 
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Exp.  XII.  Swedish  iron        •  -  grs.  1537 

Charcoal  jlth,  or  31  grs. 
Jrom  the  exposure  of  this  mi.\turey  a  metallic  but- 
ten  was  obtained,  which  weighed  •  1533 

Lost  in  fusion,  equal  to  ttt^  P^  * 
The  surfaces  of  this  button  were  uniformly  smooth.  The 
fracture  was  dense,  and  displayed  a  grahi  peculiar  to  high- 
ly saturated  blistered  steel.  When  put  under  the  ham- 
mer, with  a  low  red  heat,  it  stood  a  few  blows,  but  after- 
wards parted.  Weight  of  mixture  employed  in  the  ex- 
periment grs.  1568 
Steel  obtained               -               •  1533 


Total  loss  of  weight      35 

Exp.  XIII.  Swedish  iron  -  •  1362 

Charcoal  ^th,  or  15  grs. 
A  very  fine  fusion  was  produced  fix>m  the  exposure 
<^  this  mixture.    The  metallic  button  was  found 
to  weigh  1319 


Lost  in  fusion,  equal  to  ^rf-Tth  part^     43 

This  button  presented  a  wavy  cxystallized  surface.  The 
under  sur&ce  Avas  rough,  and  contained  one  large  pit  ac- 
curately ciystallized.  The  fracture  was  regularly  granu- 
.  lated,  smalt,  but  distinct,  of  a  light  blueish  colour.  The 
caystals,  though  distinct,  Averc  not  so  prominent  as  those 
of  easy  drawing  cast  steel.  It,  howeyer,  hammered  with 
the  usual  degree  of  caution  necessary  to  the  working  of 
caststed.  The  bar  of  steel  formed  from  the  button  pos- 
sessed all  those  properties  rcquifflte  for  file  making,  and 
other  purposes  requiring  a  quality  highly  charged  with 
caibonaceous  matter.  Grs. 

Weight  of  the  nuxture  -  .  1377 

Steel  obtained  -  ^  .  1319 
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Grs. 

Loss  of  weight  in  diis  experiment  58 

-Er/>.  XI V.  Swedish  iron  -  -  1378 

Charcoal  too^^*  ^^  ^^  S^* 
The  button  obtained  weighed  -  1312 

Lost  in  the  fiisioR       60 
equal  to  -77-th  part  the  original  weight  of  the  iron.    Tbs 

sur&ce  of  this  button  was  smooth,  without  dystalliaatift 
The  under  surface  rough,  and  possessed  of  one  large  pit 
in  the  centre,  faintly  marked  with  the  usual  crystalline  ap- 
pearance. The  fracture  presented  regular  light  UuegFUDS 
distinct,  and  more  prominent  than  No.  XIIL  One-balf 
of  the  buttcm  was  drawn  intoa  neat  square  bar,  andprov- 
ed  steel  of  an  excellent  quality.  One  end  of  the  bar  b^ 
ing  loose  and  shaled,  wdded  tolerably  well,  and  hardened 
afterwards  mth  a  low  heat  In  appreciating  the  qua% 
of  this  result,  it  appeared  to  be  that  kind  of  sted  suxtaUc 
for  penknives,  razors,  &c.  possessed  of  neither  the  ex- 
tremes of  hardness  nor  of  softnesss. 

Be}'ond  the  proportion  of  t^^  P^  of  charcoal  to  irooi 
I  continued  the  experiment  tiU  the  proportion  was  reduc- 
ed to  TT^th  part.  It  would  appear  tedious  to  detsul  tbess 
experiments,  the  most  interesting  being  already  minuld^ 
described.  In  the  same  progressive  manner,  by  Ami* 
nishing  the  dose  of  carbon,  the  metallic  result  s^proaebcd 
mote  and  more  to  the  softness  of  malleable  ir(»i,  though 
by  no  means  possessed  of  all  its  properties.  In  this  86> 
ries  of  experiments,  iron  presented  with  -^ih  part  its 
weight  of  charcoal  was  found  to  form  very  soft  sted  fit 
for  making  scissars,  &c.  which,  in  a  good  workman's 
hands,  would  have  doubled,  welded,  and  formed  a  voy 
perfect  point,  afterwards  hardening  so  as  to  display  a  beau* 
tiful  close  break  of  steel.  By  using  the  following  precau- 
tion, it  was  even  found  capable  of  welding  perfectly  to 
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iron.  Two  fiat  bars  of  a  similar  shape,  one  <£  this  quali- 
ty of  steel,  and  one  of  good  malleable  iixxi,  were  put  un- 
der the  hammer  with  a  good  welding  heat.  After  a  few 
light  blows,  the  junction  was  completely  made.  The  unit- 
ed barsHvere  allowed  to  cool  without  further  hammering 
till  the  shade  of  heat  was  bright  red*  The  whole  piece 
yms  then  dra^va  out  in  a  solid  compact  form,  whose  frac- 
ture, when  cold,  presented  a  complete  junction  of  the  iron 
and  steel,  exhibiting  at  the  same  time  their  respective 
grains. 

When  iron  is  presented  in  fusion  to  rf^th  or  yto^  P^ 
cf  its  weight  of  charcoal,  the  resulting  product  occupies  a 
kind  of  middle  state  bet>vixt  malleaUe  iron  and  steel.  It 
tiien  welds  with  &cility,  and,  provided  the  precaution  ibr-^ 
nerly  mentioned  is  attended  to,  may  be  joined  either  to 
iron  or  steel,  at  a  very  lugh  welding  heat.  Thus  combine 
fd  with  carbon,  it  is  still  susceptible  of  hardening  a  litde, 
but  without  any  great  alteration  in  the  fracture.  It  posses- 
ses an  uncommon  degree  of  strength  and  tenacity,  capa- 
ble of  an  exquisite  degree  of  polish,  arising  from  its  com- 
plete solidity  and  the  purity  of  fracture  conveyed  to  it  by 
fusion. 

When  the  dose  of  carbon  is  further  diminished,  and  in 
Ae  ratio  of  tliis  diminution,  the  same  steel  or  iron  becomes 
more  and  more  red  short,  and  less  capable  of  cohesion  un- 
der a  wd^ng  heat,  so  that,  when  the  proportion  is  reduc- 
ed to  Too^^  P^  Ae  weight  of  the  iron,  the  quality  result- 
ing is  nearly  analogous  to  the  fusion  of  iron^^  se^  or  that 
obtained  by  the  fusion  of  iron  and  earths. 

It  will  appear  evident  from  the  result  of  these  and  for- 
mer experiments,  that  crude  iron  and  steel  only  di&r 
fromeachother  in  the  proportions  of  the  carbon  they  con- 
tain. In  thedetails  now  before  us,  charcoal  alone  is  used  in 
ad^tion  to  the  malleable  iron  as  pure  as  is  ever  made,  to 
eflfect  every  principal  stage  or  modification  of  the  metal. 
Hence  we  conclude,  that 


378  Cast  Steel 

Iron  scmi-steeliiied  is  made  with,  charcoal^  ttt^  F^ 

Soft  cast  sted,  capable  of  welding,  with,      tts"^ 

Cast  sted,  for  common  purposes,  with,       too^ 
Cast  sted  requiring  more  liardness,  with,  of 

charcoal,  -  .  -  --^part. 

Sted  capable  of  standing  a  few  blows,  but  quite 

imfit  for  dramng,  -  -  T^th 

First  approach  to  a  steely  granulated  fracture,  is 

from  -  -  ^^thtoyith 

White  cast  iron  -  -  yt^ 

Mottled  cast  iron  -  •  -^th 

Carbonated  cast  iron  -  .  Yj^h 

And  supercarbonated  crude  iron        -  ^^th,  or 

when  any  greater  quantity  is  used. 

Although  this  b  the  quantity  of  charcoal  neoessaiy  to 
form  these  various  qualities  of  metal  by  this  mode  of  syn* 
thesis,  yet  we  are  by  no  means  authorized  to  condude  that 
this  is  the  proportion  of  real  carbonaceous  matter  taken  up 
by  the  iron,  seeing  that  in  experiments  No.  I.  to  No.  VI. 
inclusive,  the  weight  gained  by  the  iron  was  upon  the  ave- 
rage  equal  only  to  TnTf*?  P^ ;    whereas    die  charcoal 

.10 

which  disappeared  m  the  different  fusions  amounted  to 
61. 1  per  cent,  of  the  original  quantity  introduced  aloi^ 
with  the  iron. 

In  the  succeeding  experiments  the  following  dififeitn* 
ces  are  remarkable : 

put 


No.  VII. 

Charcoal  used,  ^th 

-    Iron 

g^ed 

tI*    P 

No.  VIII. 

ffjth 

- 

- 

lid 

No.  IX. 

,|th 

- 

- 

Tid 

No.  X. 

^Jth 

- 

• 

^ii 

No.  XL 

T*th 

- 

- 

Th^ 

No.  XH. 

^Jth 

-  Iron  lost 

Ttlxth 

No.  XIII. 

T^th 

- 

- 

tItJ* 

No.  XIV. 

rh^ 

- 

- 

Tilfth 
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From  this  we  see  that  when  a  proportion  of  charcoal 
equal  to  one  fortieth  part,  and  above,  the  wdght  of  the 
iron  is  used,  the  latter  always  gains  in  weight ;  but  when 
a  more  sparing  proportion  is  introduced,  room  is  left  for 
the  exertion  of  anodier  affinity  upon  the  metal,  and  it  con- 
sequently and  invariably  loses  in  weight  prop<»rtioned  to 
the  diminution  of  the  carbon.  I  have  here  further  to  re- 
mark upon  the  fcHiegoing  experiment,  and  upon  the  nature 
of  experiments  by  synthesis  performed  in  this  way  in  ge- 
neral, that  the  results  as  to  quality  will  differ  materially 
when  different  portions  of  matter  are  used.  So  that  an 
operator  repeating  the  above  exptnriments  either  in  cruci- 
bles smaller  or  larger,  or  with  a  greater  or  less  weight  of 
mixture,  would  not  obtain  the  ss^me  results. 

The  formation  of  cast  steel  in  the  large  way,  founded 
upon  the  results  of  the  foregoing  experiments,  aff<Hxls  an 
incontestable  proof  of  this.  In  fusions  of  18,  22,  and 
25  lbs.  of  iron  each,  we  are  obliged  to  increase  the  dose  of 
carbon  considerably  beyond  that  requisite  in  small  expe- 
riments. To  form  steel  equal  to  that  obtained  in  experi- 
ment XIII.  wherein  one  ninetieth  of  charcoal  was  used, 
one  fifty.fifth  part  is  requisite  to  be  introduced.  For 
steel  similar  to  that  in  experiment  XIV.  one  sixty-fifth 
and  one  seventieth  part  are  used.  For  softer  steel  one 
ninetieth,  whereas  in  the  small  experiment  1  one  hundred 
twentieth  part  was  sufficient.  If  in  the  manufacturing  a 
small  extra  quantity  of  carbon  is  requisite,  this  is  saved 
by  the  comparatively  small  loss  sustained  in  the  transmu- 
tation of  the  iron  into  steel. 

Many  instances  have  occurred  in  the  first  fusion  firom  a 
cuist  steel  pot  in  the  lai^  way,  where  251bs.  of  iron,  and 
its  requisite  proportion  of  carbon,  not  exceeding  one  se- 
ventieth, have  afforded  an  ii^t  of  cast  steel  weighing 
241bs.  12,  13,  14,  and  15  ounces,  being  a  loss  equal  to 
no  more  than  1  one  hundred  tenth,  1  two  hundredth,  1 
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three  hundredth,  I  four  huntlredth  part  tlje 
ircBi,  whereas  in  experiments  No.  XIII.  and  XIV.  Ok  ku 
oi'  mL-tal  amounted  to  one  31  six  tenth,  and  one  33 
eight  toith  part  the  weigltt  of  the  iron. 

1  shiill  conclude  this  paper  with  a  few  remarks  Ofnn 
the  state  in  which  ciu'bon  exists  in  steel  and  in  cmidcirab 

When  malleableironisfuscd%vidilonehundrcdtfatlli4l» 
eth  or  1  one  hundred  fortietli  part  of  iu  weight  of  esifal^ 
the  resulting  product  is  considerably  steeli&ed.  Thefts* 
tureislighterinthc  colour  than  it  formerly  was  in  theflMB 
of  irun.  WhenfusedwithunSOthto  1  one  huodredlb,  aUf 
of  :ui  ordinary  qualitj' is  produced,  the  fracture  of  the  me- 
tal still  becoming  whiter.  When  the  dose  of  carbon  is 
increasLd  beyond  this,  the  steel  Incomes  so  hard  and  dense 
as  to  be  unfit  for  hammering.  The  fracture  dow  will  be 
found  approaching  to  the  colour  of  silver,  andloangifi 
granulated  appt^ance,  assuming,  honever,  a  crysullixed 
form.  In  this  state  the  metal  will  be  found  (o  re&iat  Ac 
hammer  and  file,  and  to  be  unfit  for  any  purpose.  In- 
crease, however,  tlie  quantity  of  carbon  to  one  twelfth  or 
one  fifteenth,  the  resulting  product  is  no  longer  destttulc 
of  grain,  nor  possessed  of  the  same  degree  of  hardness. 
The  fracture  «il!  be  found  grey,  and  the  surface  easily 
reduced  by  the  file.  A  further  increase  of  the  carbon  is 
accompanied  by  an  increase  of  these  properties.  At  l.Slh 
or  l-6th,  the  filings  of  the  metal,  when  thrown  into  water, 
leave  a  c^bonaceous  jjellicle  covcruig  the  whole  suibcc, 
and  of  a  considerable  thickness. 

I'hus  we  find  that  carbon  hardens  iron  till  it  arm'cs  it 
the  highest  pitch  of  density,  which  is  indicated  by  thein& 
tal  losing  grain,  and  assuming  a  ciy'stallized  silvery  &v- 
ture.  At  this  {X)int  or  maximum  we  may  conceive  Ual 
the  respective  proportions  of  mixtures  are  so  nearly  ba- 
lanced tliat  the  affinity  exerted  by  tlie  iron  is  just  suffio- 
cient  to  deoxydate  the  charcoal,  and  tkit  hithoto 
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but  pure  carbon  similar  to  the  diamond  has  combined 
ym&i  the  iron.  If,  however,  the  equilibriuih  is  destroyed 
Iqr  a  larger  portion  of  charcoal,  then  we  find  the  aiEnity  too 
"Weak  to  deoxidate  the  whole,  and  part  of  it  umtes  in  the 
Mate  of  an  oxide  of  carbon ;  at  first  constituting  a  mot- 
'  Ikd  fiacture,  and  afterwards,  as  the  dose  is  increased,  all 
t(iose  deepening  blueish  grey  shades  peculiar  to  soft  cast 
"Iran.  Hence  carbon  or  its  oxide  again  softens  iron.  It 
never,  however,  restores  the  properties  of  foi^g  or  of 
hammering.  One  invariable  law,  however,  is  m^tained^ 
fliat  die  fusibility  of  iron  under  every  circumstance  and 
modification  is  in  the  ratio  of  the  quantity  of  carbon  uni* 
ted.*' 

In  consequence  of  these  experiments,  Mr.  Mushet  took 
out  a  patent  ioc  the  manufacture  of  cast  steel,  which  is 
couched  as  follows. 

Account  of  Mr.  Mu  s  h  e  t's  new  Method  of  making  Steel 

of  various  Qualities* 
**  For  this  invention  Mr.  Mushet^  has  obtained  his  Ma* 
jesty's  royal  letters  patent ;  and,  certainly,  few  discoveries 
of  so  much  importance  to  this  country  have  been  made 
for  a  number  of  years  past.  The  manufacture  of  cast 
steel,  which  has  hitherto  been  tedious  and  expensive,  is 
now  reduced  to  a  process  of  a  few  hours ;  and  the  quality 
of  the  article  at  the  same  time  so  much  improved,  as  to 
be  ^plicable  to  many  purposes  to  which  steel  of  the  com- 
mon manufacture  cannot  be  applied.  We  shall  not,  how- 
ever, dwell  on  the  utility  of  the  invention,  but  lay  before 
our  readers  an  account  of  it,  extracted  from  Mr.  Mush- 
et's  specification,  ivhich  will  speak  more  to  an  intelligent 
mind  than  would  a  volume  of  eulogium. 

*  Mushct's  cxperimenU  have  certainly  thrown  great  light  on  the 
theory  of  steel ;  but  I  do  not  know  whether  hit  patent  has  been 
tensively  used,  or  his  steel  compared  with  HuntaiDan's.        T.  C. 
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^'  The  general  principles  of  my  process  or  processessc 
the  fusion  of  malleable  iron,  or  of  iron  ore,  in  such  man- 
ner, and  by  such  means,  as  immediately  to  convert  them 
into  cast  steel ;  and,  likewise,  in  certain  cases,  the  afkr 
cementation  of  this  steel  to  give  it  malleability,  and  the 
property  of  welding,  in  order  to  fit  it  for  such  purposes  as 
require  steel  possessing  these  properties.  These  princi- 
ples can  be  acted  upon  for  the  production  of  the  vaziom 
qualities  of  steel  in  a  variet}'  of  ways ;  but  the  principk 
of  my  invention,  and  the  mode  of  operation,  may  be  fully 
understood  by  the  examples  which  I  shall  adduce,  and 
which  will  enable  any  person  to  perform  tlie  same,  and  to 
vary  and  alter  the  mode  of  opemtion  according  to  his  in- 
tention,  and  the  particular  quality  of  steel  he  may  wish  to 
manufacture. 

"  Thus,  cast  steel  may  be  made  by  taking  any  conve- 
nient quantity  of  malleable  iron,  according  to  tJie  size  of 
tlie  furnace  and  crucible  or  crucibles  to  be  employed,  and 
introducing  it  into  the  crucible  or  crucibles  along  wiA  a 
proper  proportion  of  charcoal,  charcoal  dust,  pit-coal,  pit- 
coal  dust,  black  lead,  or  plumbago,  or  of  any  substance 
containing  the  coally  or  carbonaceous  principle ;  but,  in 
general,  charcoal,  pit-coal,  or  pit-coal  cokes,  especiallj 
if  prepared  in  the  manner  hereinafter  described,  will  be 
found  to  answer  best.     For  tliis  process  not  only  bar  in» 
may  be  employed,  but  also  what  is  commonlv  called 
scraps,  or  waste  iron  :  but,  when  the  latter  is  used,  a  lit- 
tle more  carbonaceous  matter  must  be  added  to  the  mix- 
ture, to  revive  the  rust,  or  oxide  of  iron,  adhering  to  Ac 
scraps.     Tlie  mixture  in  the  crucible  or  crucibles  must    j 
then  be  put  into  a  furnace  capable  rf  giving  a  sufficient^ 
intense  degree  of  heat  to  run  down  or  fuse  the  mixture, 
which  must  then  be  poured  out  into  bar,  ingot,  or  other 
moulds,  acccM'ding  as  tlie  manufacturer  intends  to  pro- 
duce bars  or  ingots,  or  various  articles  or  utensils  that  are 
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or  may  be,  made  of  cast  steel ;  for  the  whole  iron,  by  fu- 
^ion  with  the  cliarcoal  or  other  substances  or  things  con- 
taining carbonaceous  matter,  will  be  found  to  have  passed 
into  the  state  of  cast  steel.  If  cast  into  bars  or  ingots,  and 
a  p^per  quantity  of  charcoal,  or  other  subsUinces  ot 
&ings  containing  carbonaceous  matter,  has  been  employ- 
ed, such  bars  or  ingots  mil  be  found  in  a  state  ready  to  take 
the  hammer,  and  to  be  drawn  or  rolled  into  other  shapes, 
uccordii^  to  the  intention  of  the  manufacturer.  Li  some 
cases,  especially  where  a  heavy  charge  is  to  be  run  dowTi, 
the  crucibles  must  be  previously  properly  disposed  in  the 
furnace,  and  die  mi  .ture  introduced  into  them  afterwards. 

"  By  the  process  before  described,  and  which  may  be 
varied  with  circumstances  by  any  prudent  operator,  cast 
•steel  may  be  made  in  a  few  hours,  which,  by  the  pnx^ess 
•or  processes  hitherto  discovered,  has  usually  required  ma- 
*ny  days,  and  sometimes  weeks ;  for  cast  steel,  by  the 
common  m^od  of  manufacture,  has  been  hitherto  made 
from  bar  steel,  which  had  previously  required,  for  its  own 
conversion  into  that  state,  fix>m  the  state  of  bar-iron,  or  of 
scrap-iron,  a  tedious  cementation  with  charcoal,  in  a  fur- 
nace constructed  for  the  purpose,  and  usually  known  a- 
mong  manufacturers  by  the  name  of  a  converting  furnace. 

*'  It  cannot  here  escape  observation,  that  this  is  not  die 
only  saving  in  point  of  time  and  expense,  gained  by  my 
-process  or  processes ;  for,  when  I  meet  with  or  procure 
iron-stones  or  iron-ores  sufficiently  rich,  and  free  from 
ioreign  mixtures,  I  save  even  the  time  and  expense  neces- 
sary for  the  conversion  of  such  iron-stone  or  iron-ore  first 
into  cast  or  pig-iron,  and  afterwards  by  a  tedious  and  ex- 
pensive process,  accompanied  with  a  great  waste  of  metal, 
into  bar-iron.  For  snch  ore  or  iron-stones,  being  previ- 
ously roasted  or  torrified,  when  that  process  may  be  found 
necessary,  which  will  often  happen,  may  be  substituted 
'fiir  the  bur-iron,  scrap  or  waste  iron,  as  before  described^ 
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and  the  result  will  be  cast-steel,  If  a  proper  quaDtiqrai<E» 
coal,  charcoal-dust,  pit-coal,  pItcoaUdiist,  plumbago  tr 
btuck  lead,  or  of  any  substance  containing  carbonaocoiu 
matter,  has  been  used. 

"  For  the  common  and  ordinary  qualities  of  cast-suri, 
a  much  smiillcr  quantity  of  carbon;ittous  matter  is  rc(|Di- 
site  in  the  mixture  than  perhaps  couid  have  been  su^ipccu 
ed  before  my  invendon.  When  charcad  from  wiud  il 
employed,  a  seventicdi  to  a  ninttietli  of  the  ^v^.■ighI  o{  ifat 
iron  will  generally  be  found  sufficitnt.  When  the  quaB- 
tity  of  tlie  carbonaceous  matter  or  principle  exceeds  one 
seventieth,  and  is  increased  to  from  one  sistielb  lo  one 
fortiedi  or  more  of  the  weight  of  the  iron,  the  sted  be- 
comes so  completely  liisible  tiiat  it  may  be  run  iiiio 
moiUds  of  any  shape,  and  be  capable  aften\-ards  of  being 
filed  and  polished.  Hence  by  casting  may  be  constructed 
stoves,  grates,  kuchen  utensils,  many  kinds  (rfwhcc/s  and 
mill  works,  a  great  variety  of  small  machinerj*,  a»d  many 
other  articles,  which  could  not  be  so  made  by  the  proces> 
sesnow  in  use,  and  which  way  of  making  such  articles 
constitutes  a  part  of  my  invcntirai. 

"  By  my  process  various  kinds  of  steel,  difibing  s 
much  from  each  other  in  their  qualities  as  the  vanousluDib 
of  pig  or  cast-iron  differ  from  each  other,  can  be  fanned 
by  merely  varying  the  proportion  of  carbonaceous  mat. 
ter.  Cast-bteel  of  the  common  and  ordinarj-  qualities  b 
too  volatile  when  in  fusion  to  admit  of  bdng  runimoaop 
shape  except  straight  moulds  of  a  considerable  diamttEff 
but  steel  of  sucli  density  as  to  admit  of  being  cast  iotoo^ 
form  may  be  produced  by  my  process,  by  increasing  dv 
quantit}'  of  charcoal,  or  matter  containing  the  carbooaoe^ 
ous  principle,  and  then  fusing  die  mixture  as  before  & 
rected.  When  I  wish  to  produce  qualities  of  sted  softer 
than  is  usually  manufactured  by  the  common  pmoaaett 
1  find  it  best  to  use  a  small  proporUon  of  charcoal,  90tBt> 
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times  so  little  as  a  two  hundredth  part  of  the  weight  of  die 
iron.  Steel  produced  with  any  proportion  of  charcoal,  not 
exceeding  a  hundredth,  will  generally  be  found  to  pos* 
sess  every  property  necessary  to  its  being  cast  into  tliosc 
shapes  which  require  great  elasticity,  strength,  and  soli- 
dity. It  will  also  be  found  generally  capable  of  sustain- 
ing a  white  heat,  and  of  being  welded  like  malleable  iron ; 
and,  indeed,  as  the  proportion  of  charcoal  or  other  carbo- 
naceous matter  is  reduced,  the  quaUties  of  the  steel  will 
be  found  to  approach  nearer  to  those  of  common  mallea- 
ble iron. 

"  By  further  pursuing  the  principle  of  my  new  inven- 
tion, I  fuse  down  malleable  bar  or  scrap-iron  in  a  crucible 
or  crucibles,  without  any  visible  addition  of  carbonaceous 
matter,  and  run  it  into  bar,  ingot,  or  other  moulds.  In 
this  state  the  metal  is  nearly  of  the  same  quality  as  when 
put  in,  only  altered  by  the  combination  of  a  small  portion 
of  carbonaceous  matter,  which  the  iron  by  its  chemical 
affinity  attracts  from  the  ignited  fuel,  or  from  tlie  ignited 
carbonic  gas  of  the  furnace,  and  which  enters  by  the  mouth 
or  through  the  pores  of  the  crucible  or  crucibles,  proba 
bly  dissolved  in  calcxic  at  a  very  high  temperature.  But 
whether  so  dissolved  or  not,  the  fact  is,  that  a  portion  of 
die  carbon  passes  from  the  fire  into  union  with  the  iron, 
and  thereby  converts  it  into  an  extremely  soft  steel. 

'^  Besides  the  difierent  modes  of  operation  above  speci- 
fied, I  further  reduce  iron-ore,  bar-iron,  or  scrap-iron,  by 
the  addition  of  lime  or  chalk,  or  other  carbonats,  or  of  car- 
burets, with  clay,  glass,  and  other  fluxes,  in  various  pro- 
portions, and  form  all  the  various  qualities  of  steel  former- 
ly enumerated. 

*'  If  the  various  kinds  and  qualities  of  steel  obtained  by 
the  process  or  processes  above  mentioned  be  introduced 
into  the  common  converting  or  other  steel  furnaces,  in 
contaawidi  caii^boDaceous  matter^  or  with  earths^  and  heat* 
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cd  for  five  days,  or  more  or  less,  according  to  the  thick- 
ness of  the  burs  or  other  forms,  and  the  quantity  introdu 
ccd,  the  bars,  irigots,  or  other  shiipes,  being  then  takes 
from  t!ie  furnace,  will  l>c  found  to  possess  all  tlie  soliditj 
w  hich  they  formerly  were  possessed  of  as  cast-steel,  with 
that  property  of  weldinj^  peculiiir  to  blistertxl,  faggot,  or 
grrman  steel  of  the  usual  mode  of  manufacture. 

"  B V  tills  inveiitiou  I  obtain  steel  which  for  soiiditv  mav 
be  used  for  the  purposes  of  cast-steel ;  uniting  at  the  same 
time  the  pro|>erty  of  welding,  without  destroying  the  so- 
lidity or  quality  of  the  metal :  a  circumstance  (d*  the  hJgii^ 
est  importance  to  our  manufacturers.  Ingots,  bd:^,  plates, 
and  ever}'  shape  into  which  this  steel  is  cast,  roUtd,  or 
hammered,  will  be  possessed  of  uniformity  of  qu.'.%, 
without  those  numerous  reed.>,  flaws,  blisters,  and  dis- 
joined laminie  foiuid  in  steel  made  by  the  jMTocesses  in  use 
before  my  in\'ention. 

"  Wlien  pit-coal  cokes  are  to  be  used  in  any  erf  the 
foregoing  operations,  ehher  in  mixture  with  tVie  ore,  or 
with  the  iron,  or  for  fuel  in  tlie  furnaces,  in  wliich  the  cru- 
cibles containing  the  mixture  are  exposed  to  the  actiou  of 
the  fire,  it  is  of  the  utmost  importance  that  the  cokes  be 
properly  prepared.  The  process  which  I  have  found  to 
answer  best  for  this  purpose,  thougli  common  cokes  wiD 
also  do,  is  founded  upon  the  principle,  that  all  access  of 
oxygen  to  the  coals  to  be  coked,  should  be  j»ieventcd : 
this  end  is  gained  by  preparing  the  cokes  in  iron  vessels, 
in  the  same  manner  as  wood  is  now  charred  for  the  pur- 
pose of  being  employed  in  Uie  manufacture  of  gun-pow- 
der. The  bitumen,  or  coal-tar  as  it  is  commonly  called, 
which  is  volatilized  bora  the  coals  to  be  coked,  by  the 
heat  applied  to  the  exterior  of  die  iron  vessel  or  other  cham- 
ber containing  the  said  coals  is  thus  saved,  instead  of  be- 
ing burnt  or  dissipated  in  tlie  atmosphere,  as  is  the  case 
in  the  common  process  of  coking,  in  which  the  coals  are 
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exposed  to  combustion  in  open  heaps,  and  which  also  par- 
xnWv,  thouj^li  in  a  less  dii^-je,  takes  place  in  the  process 
comnioiilj'  knoHTi  by  the  name  of  Lord  Dundonald's pro- 
cess lor  preparing  coal  tar." 

N'fl'.vithstiindiiig  Mushet's  experiments  fully  suppwt 
hi^  thton,  that  stLcl,  is  pure  iron  united  to  pure  carbon, 
and  lliLit  the  variou.-.  kinds  of  steel,  depend  the  various  pro- 
portions of  the  carbon  united  to  the  ijon,  yet  I  am  persua- 
ded that  neither  in  thf  makingofccmcntedsteel,  orof  cast 
steel,  or  of  case  hardening,  do  tlie  manufacturers  confine 
tliemsclves  to  tlie  clKircoal  of  wood.  I  liaw  before  ob- 
served, that  the  carbon  united  to  animal  cliarcoal,  is  more 
easily  disengaged  than  that  wliich  is  contained  ui  vegetable 
ch;ircoal,  so  dlat  for  case  hardening,  tlie  charcoal  of  hoofs, 
lionis,  bones,  clippings  of  leather,  &c.  is  constantly  and  al- 
most exclusively  preferred.  We  sadly  want  a  set  of  ex- 
periments, shewing  tlie  effect  of  treating  iron  in  a  cruci- 
ble witli  equal  weights  of  animal  and  vegetable  cliarcoal — 
iron  en^'cioped  n"ith  Prussian  blue,  and  exposed  to  a  conti- 
iiuc  d  heat  in  a  close  crucible  of  common  crucible  clay :  for 
thu-  I'riiSiic  acid  is  always  contained  in  animal  charcoal. — 
Iron  so  trcatt  d  with  ammonia  or  volatile  alkali,  and  its 
earlwnats — and  another  scries  of  experiments  in  addition 
to  those  of  Mualict,  on  the  different  results  in  black  lead 
frnicibles  and  common  crucibles.  Such  experiments  would 
ihrow  new  light  on  the  tlieori-  of  the  combination  of  steel 
;irdcliarco:il,iind  of  course  on  the  practice  of  making  steel. 
Until  tliese  arc  m.ide,  I  think  I  may  venture  for  various 
reasons  to  state  it  as  probable,  that  in  the  making  of  blis- 
tered and  gcrnian  steel,  the  b.irs  are  imbedded  by  some 
niamifacturo^ina  mi  .ture  of  well  burnt  charcoal  of  wood, 
widi  itbout  one  sixdi  of  animal  charcoal  made  from  hoofs, 
horns,  leadier  cuttings,  &c.  also,  thatin  making  of  Gist 
jteel,  out  of  the  clipping-s  of  blistered  steel,  german  stcci, 
^Hlfiles,  6cc.  Uiesc  articles  are  fused  withhme^tone  and  bot- 
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tie  glass,  either  in  a  black  lead  cnicible,  or  in  a  comraon 
crucible  with  a  small  proportion  of  lamp-black,  or  the 
soot  of  train  oil. 

In  making  cast  sted,  I  understand  there  is  umfixnlri 
loss  :  in  making  blistered  steel,  there  is  a  gain  of  about 
half  a  pound  in  the  imndred  \reight,  \*Wch  in  some 
measure  designates  the  rjiiantity  of  carbon  taken  up  by 
and  united  to  the  iron  in  manufacturbig  steel  of  cementl- 
tion. 

The  charcoal  in  a  steel  furnace,  is  generally  so  mucll 
exhausted  as  not  to  answer  for  a  second  ceirientafton ; 
that  is  in  point  of  profit. 

The  principal  characters  of  steel  are  the  following.— 
It  becomes  harder  on  being  made  red  hot,  and  then  sud- 
denly quenched  in  cold  w'ater. — It  takes  a  much  higher 
polish  than  iron,  with  a  light  grey,  not  a  blue  cast  or  hue — 
If  a  drop  of  dilute  nitric  acid  (aqua  fortis  mixed  with 
three  times  its  bulk  of  water)  tie  put  upon  clean  sted,  and 
af^er  a  minute,  washed  awaj'  without  being  wiped  off,  it 
leaves  a  black  spot,  because  although  the  acid  wiD  dis* 
solve  the  iron,  it  mil  not  dissolve  tlie  charcoal.  Tbc 
same  acid  leaves  no  such  black  spot  when  dropt  oa  den 
iron  :  only  a  slight  grey  tinge — Steel  can  be  made  mucll 
more  elastic  than  iron  :  a  steel  sword  may  be  bent  in  a  fke 
from  heel  to  iioiut,  and  when  let  loose  will  suddenly  re- 
gain its  former  sliape  ;  it  is  more  sonorous  tlian  iron; 
its  grain,  or  fracture,  is  finer  than  that  of  iron  ;  itczpanb 
by  heat  more  than  iron  ;  it  can  be  beaten  into  thiniKf 
plates  than  iron  ;  it  acquires  magnetic  power  more  slow- 
ly, but  retains  it  longer  than  iron  ;  red  hot  steel,  qticndi- 
ed  in  cold  water,  retains  two  thirds  of  its  i(|l-heat  bulk, 
but  iron  on  being  so  treated,  contracts  to  its  original  ane 
previous  to  heatuig ;  steel  heats  quicker,  and  foM 
much  more  easily  than  iron  ;  on  bdng  fused  and  cast,  % 
retains  the  property  of  malleability,  except  at  a  while 


Cast  SteeL  389 

heat ;  polished  steel  b  sooner  tinged  by  heat,  and  with 
higher  colours  than  iron.  This  is  supposed  to  be  a  par- 
tial oxydation  of  the  surface  of  the  metal,  but  as  it  can 
take  place  under  melted  lead,  or  hot  mercury  (or  hot  oil) 
not  exposed  to  tlie  air,  this  explanation  is  doubtful ;  in  a 
.  ^cuiing  heat,  it  suiftrs  less  by  burning  tlian  iron,  but 
-  hy  repeated  heathig  and  hammering  with  exposure  to 
4dr,  the  charcoal  or  carbon  can  be  gradually  burnt  away ; 
the  same  effect  takes  place  by  gradual,  long  repeated  ham- 
mering alone ;  in  a  calcining  heat,  a  light  blue  flame 
Ifeovers  over  steel,  probably  owing  to  the  gradually  burn- 
ing of  its  carbon ;  in  a  white  heat  exposed  to  the  bellows, 
'  it  sends  off  more,  and  brighter,  and  lighter-coloured 
aparks  than  iron  ;  when  covered  with  powdered  charcoal 
•pressed down  close  upon  it,  and  exposed  to  a  strong  heat,  it 
becomes  overloaded  with  carbon,  and  acquires  a  slight  coat 
vesembling,  and  indeed  consisting  of  black  lead  (Kish.) 
vfaen  hammered,  its  specific  gravity  is  somewhat  greater 
Ihan  iron ;  it  leaves  a  residuum  of  black  charcoal  when 
dissolved  in  acids,  which  pure  malleable  iron  does  not. 
The  sulphureous  acid  is  better  for  the  purpose  than  the 
sulphuric. 

Highly  carbonated  cast  iron  differs  fi*om  steel,  in  as 
much  as  tlie  texture  and  quality  of  the  metal  is  not  uni- 
form. Cast  iron  is  scarcely  malleable ;  it  is  much  more 
brittle  than  steel ;  it  b  but  slightly  hardened  or  softened 
by  heating  and  cooling  ;  it  is  fusible  in  a  close  vessel  at 
130  of  Wedgewood's  pyrometer;  tlie  black  residuum 
on  solution  in  acids,  is  more  abundant  in  cast  iron  tlian 
in  steel ;  cast  iron  contains  uncombined  carbon,  and  un- 
mettalized  iron  ;  it  is  more  sonorous  tlian  steel. 

All  these  properties  are  owing  to  the  superior  quantity 
of  carbon  or  charcoal,  that  is  united  to  it,  partly  mixed  and 
partly  in  combination. 

3  D 
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I  cannot  better  close  this  collection  en  iron  and  aec^ 
thai.  b\  Dr.  Aikin's  Summarj^ 

Manufacture  and  properties  of  SteeL — Steel  combines 
the  fusibility  of  cast  iron  with  the  malleability  of  bar  inxi^ 
and  further  possesses  this  very  valuable  property,  riiat 
when  heated  and  suddenly  cooled,  it  becomes  intenselj 
hard,  and  is  therefore  much  superior  to  simple  iron  fer  all 
kinds  of  cutting  instruments,  files  and  various  other  tDQl& 
la  tlic  present  section  we  sliall  describe  the  difioent  me- 
thods of  preparing  and  tempering  bteel,  resenii^  fa 
tlv  nc  .t  section  an  enquiry  into  tlie  chemical  compo- 
sition of  this  useful  substance. 

The  most  ancient  way  of  making  steel  is  probably  that 
related  by  Agricola.  Take  some  highly  carburetted  bar 
iron,  cut  it  into  small  pieces  and  mix  it  with  pulverized  sco^ 
riac,  put  tlie  mixture  into  a  crucible  lined  H'ith  charcoalf 
and  bring  it  to  a  state  of  fusion  in  a  blast  funiace.  WhOi 
both  the'  iron  and  scorias  are  thoroughly  fluid,  immerse  in 
this  mLtallic  bath,  four  lumps  of  bar  iron,  weighing  about 
thirty  pounds  each,  and  let  them  remain  in  this  situaticn 
dur'mg  five  or  siv:  hours,  stirring  the  bath  occasionally 
w  iih  an  iron  rod ;  by  this  time  tliey  will  have  become  soft 
and  spungy,  upon  which  they  are  to  be  taken  out  and  drawn 
down  into  b.u^  by  the  forge  hamnK^r.  As  soon  as  this 
is  jxTrtormcd,  the  bars  still  hot,  are  to  be  plunged  into  cold 
w..tcr,  by  which  they  will  be  rendered  brittle,  and  ait 
then  to  be  broken  under  the  hammer  into  short  pieces 
The  crucible  in  the  mean  time  is  to  be  replenished  wi± 
the  same  mixture  as  before ;  and  when  its  contents  are  be- 
come quite  fluid,  the  pieces  into  which  the  bars  ha^^e  been 
broken,  arc  to  be  again  immersed  till  tliey  become  soft: 
each  piece  being  then  taken  out  and  forged  separately  into 
a  slender  bar,  is  to  be  cooled  while  yet  growing  hot,  in 
CO  d  V.  ut(  r,  and  the  process  Is  finished.  The  above  rac- 
th<xl  IS  wc  believe  ealirciy  obaoicte,  though  v^th  a  few 
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modifications  that  are  sufTiciently  obvious,  it  would  in  all 
'  probability  be  found  higlily  advantageous. 
•  The  native  steel  of  Eisenhartz  in  Stiria  lias  always 
been  in  high  estimation  since  the  eighth  century,  and  is 
prepaRxl  directly  from  tlie  ore  nciirly  in  tlie  same  manner 
as  common  bar  iron,  Tlie  ore  m.4dc  use  of,  is  the  Spa- 
ihose  Ironstone,  consisting  of  the  carbonats  of  iron,  man* 
ganese  and  lime,  together  with  a  mixture  of  clay  :  it  is 
procured  in  vast  abundance  from  the  neighbouring  hill 
of  Arzbei^,  and  care  is  taken  not  to  use  imy  tliat  lias  not 
\xxn  exposed  for  several  years  to  tlie  action  of  the  air. 
No  flux  of  any  kind  is  necessary,  and  the  fuel,  which  is 
cliurcoal,  does  not  on  an  average  exceed  in  weight  one 
fifth  of  the  ore.  When  a  sufficient  quantity  of  melted 
matter  is  collected  at  the  bottom  of  the  furnace  it  is  let 
out  into  a  deep  mould,  wliere  it  remains  quiet  a  few  mi-^ 
nutes  to  allow  the  scoriae  to  rise  to  the  surface :  this  being, 
done,  a  litde  ^vater  is  sprinkled  over  it,  A\'hich  hardens  tlie 
scoriae  and  renders  them  easily  removable :  a  second  but 

m 

mudi  thinner  crust  of  scoria  generally  succeeds,  which 
is  got  rid  of  in  the  same  manner.  A  little  water  is  now 
thrown  on  the  melted  metal  itself,  by  which  its  surface  is 
suddenly  covered  with  a  congealed  crust  about  an  inch 
thick ;  this  is  removed,  and  by  repetitions  of  tlie  same  pro* 
cess  the  greater  part  of  the  mass  is  tlius  converted  into 
these  irregular  plates :  what  remains  is  a  mass  in  the  state 
of  half  malleable  iron,  lliese  pLites  are  transfenxd  to 
the  crucible  of  a  refinery  which  lias  been  previously  lined 
with  charcoal,  and  are  covered  with  scoriae  and  brought  to 
a  state  of  fusion,  carefully  observing  however  not  to  direct 
the"  blast  from  the  bellows  into  tlie  crucible,  lest  the  iron 
should  be  decarbonized.  After  the  whole  liiis  been  in 
quiet  fusion  for  some  time,  the  iirc  is  slackened,  and  as  soon 
as  tiie  metal  lias  congealed  the  scoria:  still  fluid  are  let  oS*^ 
The  moss  is  then  subjected  to  a  second  lu^ioa  in  tlic  re- 
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finery  with  the  same  precautions  as  at  first,  and  is  now 
sufficiently  purified  to  be  forged :  it  is  accordingly  ex- 
tended under  the  liammer  and  cut  into  bars  wUch  are  ex- 
amined by  their  tincture,  and  separated  according  to  their 
qualities,  into  hard  steel,  soft  steel,  and  stiedy  iron ;  the  lat- 
ter is  reserved  by  itself  and  used  for  pointing  ploughshares 
and  other  coarse  work ;  but  the  others  are  made  up  into 
packets,  observing  to  place  the  hardest  steel  on  the  inade, 
which  are  then  drawn  into  bars  at  a  lower  heat  than  that 
required  for  iron,  and  dien  the  process  is  compleat.  Thus 
the  whole  art  consists  in  purifying  the  cast  iron,  taking 
at  the  same  time  particular  care  that  the  carbon  wtuch  it 
contains,  is  not  burnt  away.  If  the  original  cast  iron  is 
very  highly  carbonized,  it  sometimes  happens  that  the 
steel  retains  too  large  a  proportion  of  carbon,  wluch  is 
evinced  in  the  refinery  by  its  being  more  easily  fusible, 
and  requiring  a  longer  time  to  become  solid  again  than 
usual :  this  defect  however  is  speedily  remedied,  by  adding 
iron  filings  or  scraps  of  bar  iron,  the  quantity  of  which  is 
regulated  by  the  degree  of  fusibility  to  be  corrected. 

If  tlie  manufacturer  wishes  to  procure  iron  fitMn  thb 
ore  instead  of  steel,  tlie  only  difierence  required  in  the 
treatment,  is  to  get  rid  of  nearly  the  whole  of  the  combined 
cart)on  by  roasting  the  plates  in  a  reverberatoiy  furnace 
before  they  are  brought  to  the  refinery,  and  by  avoiding 
to  line  the  crucible  of  the  refinery  with  pounded  diarcoaL 
The  iron  thus  produced  is  of  an  excellent  qualit}\ 

The  best  of  die  Swedibh  and  Norwegian  ores  are  oc- 
ca^onally  wrought  into  steel  of  a  very  good  quality  by 
nearly  the  same  process  of  manufacture,  provided  in  the 
smelting  a  larger  proportion  than  usual  of  charcoal  has 
been  employed,  to  ensure  a  highly  carbonized  metal. 

The  usual  method  of  converting  iron  into  sted  is  by 
cementation.  For  the  purposes  of  manufiicture,  this  is 
performed  on  large  quantities  at  a  time  in  the  ibilowiiig 
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manner.     A  cementation  or  converting  furnace,  consists 
of  two  parallel  troughs,  constructed  of  fire-brick,  suffi- 
ciently  long  to  admit  with  convenience  a  common  bar  of 
iron  ;  these  troughs  rest  upon  a  Icng  grate  from  which 
flues  proceed  so  as  to  distribute  the  heat  as  evenly  as  pos- 
sible to  every  part :  an  arched  vault  is  thro\vn  over  the 
top,  and  the  whole  is  inclosed  within  a  cone  of  masonry 
as  thj  glass  house  furnaces  arc.  Tne  bars  of  iron  intend- 
ed for  cementation  are  of  the  very  best  quality,  (in  Eng- 
land none  but  the  Swedish  Oregrund  iron  is  employed 
for  this  purpose)  and  Are  carefully  examined  to  ascertain 
that  they  are  quite  free  from  cracks,  flaws,  and  every  ap- 
pearance  indicative  of  their  not  being  completely  mallea- 
ble.     The  requisite  selection  being  made,  a  stratum  of 
coarsely  bruised  charcoal  is  laid  at  tlie  bottom  of  the  ce- 
menting trough,  upon  which  is  arranged  a  layer  of  iron 
bars  :  to  this  succeeds  another  of  charcoal,  and  so  on  till 
the  trdugh  is  nearly  filled,  observing  that  the  upper  iis  well 
as  the  lowest  layer  is  charcoal :  it  is  then  covered  with  a 
mixture  of  hard  rammed  clay  and  sand  in  order  to  exclude 
the  ain     A  trough  thus  ch.irged  will  contain  from  seven 
to  ten  tons  of  iron.   The  fire  being  lighted,  the  heat  pass- 
es into  the  flues  and  raises  the  temperature  of  the  troughs 
to  a  glowing  red  which  is  maintained  for  the  space  of  from 
seven  to  eleven    days  according  to  die   quantity    of 
iron.     At  the  extremity  of  each  trough  is  a  small  hole, 
through  which  two  or  tliree  bars  project  a  few  inches  in 
order  that  they  may  be  occasionally  withdrawn  to  ascer- 
tain  the  progress  of  cementation :  when  by  the  trial  bars, 
it  appears  to  be  compleat,  the  fire  is  put  out,  and  after 
the  troughs  are  sufficiently  cool  they  are  emptied  of  their 
contents.    The  form  of  the  bars  thus  converted,  remains 
unaltered,  but  their  surface  is  covered  over  with  bubbles 
or  blisters,  whence  the  steel  in  this  state  is  called  blister 
jfrWv  it  is  heavier  than  the  iron  from  which  it  was  ma«fe 
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on  account  of  its  having  al)sorbed  a  portion  of  carboQ 
from  the  charcoal  with  which  it  was  in  contiict,  ihough  ttiis 
is  by  no  means  the  only  action  that  takes  place  in  the  pro- 
cess of  steel-making,  as  we  shall  show  in  llie  iiext  section. 
Blister  steel  is  employed  only  for  the  coarsest  purposeSi 
such  as  pointing  horst*s  shoes,  ploughs,  and  other  agricul- 
ral  instruments,  &.c.     By  being  drawn  down  into  smaller 
bars  under  the  tilt-hammer,  its  texture  is  considerably  im- 
proved, and  it  is  known  in  the  markets  by  the  name  of 
tilted  steel     As  repeated  hammering  improves  iraii,  so 
it  does  steel :  hence  if  a  bar  of  highly  carbonized  blbter 
steel,  be  broken  into  \  ery  short  pieces,  and  these  being 
formed  into  small  packets,  arc  agiiin  welded  together  said 
drawn  douTi  into  bars,  m hich  Ixing  again  doubled  togc- 
ther  are  welded  and  tilted,  npeuting  the  process  two oc 
three  times,  the  result  will  be  a  very  material  improve- 
ment in  compactness  and  toughness,  and  the  metal  uiJI  be 
found  well  qualified  few  swords  and  the  larger  articles 
of  cutlery:  this  steel  has  long  been  prepared  in  high  per, 
fcction  in  Germany,  whence  it  is  called  German  steel;  it 
is  also  kno^^'n  by  the  name  of  Shear  steeL 

This  is  the  proper  place  to  mention  the  process  of  Case- 
hardening^  which  in  fact  is  only  an  imixrfect  kind  of  cemen- 
tation,  converting  little  else  than  the  immediate  surface  of 
the  metal  into  steel,  and  therefore  being  performed  not  on 
the  rough  bar,  but  the  manufactured  article.  The  cements 
or  carl3onaceous  substances  used  on  this  occasion  are 
bone  slwvings  or  turnings,  horn  cuttings,  and  old  leather 
shoes.     The  work  intended  to  be  cased,  having  been  pre- 
viously filed  to  die  requisite  shape,  that  there  may  be  as 
little  occasion  as  possible  to  apply  the  file  afterwards,  is 
laid  together  with  the  cement  in  a  pirn  of  plate  iron.   A  fbi^ 
fire  is  then  made  of  considerable  size,  and  when  tlie  up- 
per part  has  caked  together  it  is  carefully  lifted  ofiF  wth- 
out  buying,  the  pan  is  laid  upon  the  red  coals  and  cover- 
0r)  \  caked  mass.    la  diis  state  it  remains  for  near- 
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ly  two  hours,  without  ur^ig  the  fire.  Small  pieces  of 
iron  wire  that  have  been  previously  introduced  into  the 
pan  being  withdra\Mi  from  time  to  time,  arc  dipped  while 
hot  in  cold  water,  and  by  the  file  and  tlie  character  of  the 
firacture,  the  progress  of  the  cementation  is  determined. 
When  the  intended  degree  of  carburation  is  obtained,  the 

>  fire  is  increased  and  the  articles  as  soon  as  sufficiently 
heated  arc  taken  out  of  the  pan  and  plunged  in  cold  water. 
Tlie  inferior  kinds  of  table-knives  and  some  surgical  in- 
struments, wherc  a  considerable  degree  both  of  toughness 
and  hardness  is  required,  arc  prcpared  in  this  way. 

The  finest  kind  of  steel  however,  called  Englisli  cast 
steely  yet  rcmains  to  be  mentioned.  It  is  commonly  pre- 
pared by  breaking  to  pieces  the  blister  steel  and  then 
melting  it  in  a  crucible  with  a  flux  composed  of  carbo- 
naceous and  vitrefiable  ingredients.  When  thoroughly 
fused  it  i'i  cast  into  ingots,  wliich  by  gentle  heating  and 
careful  hammering  are  tilted  into  bars.  By  this  process 
the  steel  becomes  more  highly  carbonized  in  proportion  to 

.  the  quantit}^  of  flux,  and  in  consequence  is  more  brittle 
and  fusible  than  before ;  it  is  inferior  to  the  odier  kinds  of 
steel  in  being  incapable  of  welding  either  with  iron  or 
steel,  but  on  die  other  hand  surpasses  them  all  in  unifor- 
mity of  texture,  hiirchicbs,  and  closeness  of  grain,  hence  it 
is  the  material  of  all  the  finest  articles  of  English  cutlery. 
The  composition  of  the  flux  used  in  preparing  this  steel 
is  kept  a  secret  among  a  few  manufacturers,  and  in  conse- 
quence, various  e\pcriments  have  been  Instituted  both 
here  and  elsewhere  to  discover  eiilKT  the  same  or  an  equal- 
ly successful  method  of  making  this  beautiful  substance. 
In  1795,  Clouet  published  the  resuhs  of  some  valuable 
experiments,  from  which  it  appears  that  by  simply  fus- 
ing bar  iron  with  charcoal,  a  cast  steel  may  be  obtauKxl 
more  or  less  carburetted,  according  to  the  proportion  of 
charcoal  employed,  anddierefore  possessing  at  pleasure  in 
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greater  or  less  degree  the  qualities  of  fusibility,  britdt- 
ness,  and  iKirdness ;  he  also  showed  that  the  same  effects 
may  be  produced  by  fusing  bar  iron  with  glass  and  char- 
coal, or  the  black  o  x  ide  of  iron  M'ith  the  requisite  propor- 
tion of  charcoal  alone,  or  by  keeping  in  fusion  for  about 
the  space  of  an  hour  a  mixture  of  small  bits  of  iron  and 
equal  parts  of  clay  and  marble  or  any  other  calcareous 
carbonat.  In  1800,  Mr.  Mushet  took  out  a  patent  for 
preparing  cast  steel  of  various  qualities  by  fusing  bar  iroo 
with  different  proportions  of  charcoal,  coinciding  (?)  for  dx 
most  part  with  the  facts  and  principles  before  laid  domi 
by  Clouet,  and  confirmed  by  his  own  experiments ;  but 
whether  the  steel  tlius  prepared  is  equal  to  the  finest  cast 
steel  of  Huntsman,  has  not,  we  believe,  been  as  yet  com- 
pletely ascertained. 

Steel  is  rendered  hard  by  heating  and  then  suddenly 
cooling  it.  The  degree  of  hardness  which  it  is  capable 
of  acquiring  is  in  direct  proportion  to  its  fusibilins  or  in 
other  words  to  the  quantity  of  carbon  with  wluch  it  is 
combined  ;  and  the  degree  of  hardness  which  in  any  pard- 
cul:\r  instance  is  actually  given  to  it,  is  in  proportion  to  the 
difference  of  temperature  between  the  medium  in  which 
it  is  heated  and  that  in  which  it  is  cooled ;  modified  how- 
ever by  the  capacity  for  heat,  and  the  conducting  power 
of  tlie  cooling  medium.  Thus  if  steel  is  heated  some- 
what below  the  degree  at  which  it  melts  and  then  trans- 
ferred into  oil  at  the  temperature  of  200-^,  the  liardness 
thus  acquired  will  be  inferior  to  that  which  would 
have  been  obtained  if  water,  or  still  more  so  if  mercury,  at 
die  same  temperature  had  been  made  use  of.  Again,  if 
instead  of  oil  at  200^  tlic  same  fluid  at  400^  had  been  cm- 
ployed,  a  greatly  suix^rior  degree  of  hardness  would  ha\t 
been  produced.* 

The  hardness  acquired  by  this  mediod  has  generally 
beep  thus  accounted  for.    The  particles  of  the  metal  by 
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jieing  heated  are  placed  at  a  greater  distance  irora  each 
3Cfaer  than  before,  and  m  proportion  as  this  heat  is  again 
ibstracted,  the  attraction  sul^isting  between  them  will 
xcome  efficacious,  and  they  will  approach  nearer  to  ac* 
xial  contact ;  but  the  impetus  with  which  this  takes  place 
mH  be  in  proportion  to  the  difference  of  temperature,  and 
ifaerefcxie  when  red-hot  steel  is  plunged  in  ice-cold  mercu« 
y,  the  force  or  resilient  spring  oi  its  particles  will  be 
greater  than  if  mercury  at  200^  had  been  made  use  of, 
snd  consequently  its  hardness  will  also  be  greater.  But 
dus  theory  however  ingenious  is  opposed  by  certain  facts 
Mrhich  perhaps  may  be  found  more  consonant  with  the 
Following  explanation  of  them. 

If  we  take  the  specific  gravity  of  a  piece  of  steel  both 
vhen  hardened,  and  after  it  has  been  softened  by  heating 
igain  and  gradually  cooling,  we  shall  find  that  its  bulk 
11  the  former  case  is  greater  than  in  the  latter ;  whereas  if 
the  hardness  of  steel  was  owing  to  the  rapidity  and  energy 
mth  which  its  particles  collapsed  on  cooling,  directly  the 
reverse  of  this  ought  to  take  place,  the  state  of  greatest 
hardness  should  be  that  of  the  greatest  specific  gravity.  So 
in  like  manner  we  find  to  be  the  case  with  glass ;  if  a  litde 
Df  this  in  a  melted  state  is  dropped  into  cold  water  it  will 
prove  very  hard  and  britde ;  but  if  the  same  piece  is  again 
fieated  red  (without  however  in  any  degree  softening  it) 
ind  afterguards  allowed  to  cool  gradually,  its  specific  gra 
vity  will  have  very  notably  increased,  and  it  will  have  be» 
come  tough  and  elastic.  We  may  therefore  consider  the 
hardening  of  steel  to  be  caused  by  the  contemporaneous 
expulsion  of  part  oi  its  heat  and  the  fixation  of  its  parti* 
sles  before  tliey  have  had  time  to  arrange  themselves  and 
contract  upon  each  other.  Hence  on  the  impression  of 
my  external  force,  the  particles  that  are  struck  are  not 
able  to  slide  on  each  others  surfaces,  and  thus  distribute 

:  impetus  which  they  have  received  over  the  contiguoujf 
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ones ;  or  in  other  words  the  mass  becomes  hatAr  Aaa 
it  was  btlm',  hciict  also  the  whole  force  of  a  blow  i&  bone 
by  a  cnmpanitivdy  small  numbt:r  of  insulated  particka, 
and  these  entirely  giving  way  before  a  degree  of  pants- 
sion  tliat  might  easily  be  sustained  by  the  \vhofc  when 
combini-d,  thus  produce  the  quality  of  brittleness. 

If  highlj-  ciirburttted  steel  is  made  nearly  as  hot  as  il 
can  Ixrar  "  ithout  melting,  and  is  then  plunged  in  ray  coU 
i^'atcr,  it  is  apt  to  fly  to  pieces,  and  even  if  this  docs  noi 
take  place,  tht-  metal  is  not  applicable  to  any  use  in  thisstak 
of  extreme  hardness,  for  the  particles  arc  ji^ced  so  £r  a> 
sunder,  that  the  whole  has  a  strong  tendency  to  become 
crumbly,  and  will  not  l>ear  a  fine,  even,  shaqi  edge.  Ib 
the  practice  of  the  best  manufacturers,  tlie  hardentng  heat 
even  for  files,  which  are  the  hardest  of  all  steel  InstniroentSr 
is  not  grcato-  than  a  red  »isible  by  day -light ;  and  all  cut- 
ting and  elastic  instruments  require  to  be  much  softer. 
The  lariotis  degrees  of  hardness  necessary  for  dlfieient  ar- 
ticles are  not  however  given,  as  might  at  first  be  supposed, 
by  the  simple  process  of  hardening  at  ilie  requisite  tempe- 
rature, but  bj'  the  compound  method  of  first  giving  to 
ever)'  article  nearly  a  file  hardness,  and  then,  by  the  sufasfr 
quent  process  of  tempering,  reducing  the  hardness  to  the 
particular  degree  necessarj-  for  each  article. 

Tempering  consists  in  softening  hardened  sted  bytbc 
application  of  a  heat  not  greater  than  that  ivliich  was  em- 
ployed in  hardening  it ;  for  this  purpose  it  b  gtaduaBf 
heated  more  or  Itss  according  to  the  temper  requiped,  Vid 
cooled  again  either  gradually  or  rapidly,  Uiis  making  m 
difference  ;  afiir  which  tlie  steel  is  found  to  be  softened  or 
ttni|>tTed  exactly  in  proportion  to  the  heat  which  khn 
undergone.  Wliile  tlie  steel  is  tempering,  its  surface  dis- 
plays a  succession  of  colours  (supposed  to  arise  from  I 
commencing  oxidation)  i[i  projxHtton  as   it  becoBin 
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more  and  more  heated,  which  the  WOTkmen  in  this  metal 
Jwve  ingeniously  tak^n  advantage  of,  as  indicating  and 
serving  to  denominate  the  degree  of  lemiier  required  fw 
different  articles.  The  first  perceptible  colour  is  a  light 
straw  yelloiv,  and  this  being  produced  by  a  small  degree 
of  heat  indicates  the  higliest  or  hardest  temper ;  to  this 
succeeds  a  lull  yellow,  tlien  a  bro\vn,  afterwards  a  reddish 
blue,  then  a  light  blue,  and  lasdy  a  full  deep  blue  pacing 
into  black,  *vhich  being  the  other  CAtremiiy  of  tlie  series, 
denotes  the  lowest  degree  of  temper,  and  a  hardness  only 
a  little  superior  to  what  the  piece  of  steel  would  have  ac- 
<iuired  if  when  heated  for  tlte  purpose  of  being  liardened  it 
had  been  allowed  to  cool  gradually  instead  of  being  plung- 
ed into  a  cold  liquid.  Tlie  old  method  of  tempering,  and 
which  indeed  is  still  practiiicd  by  most  manufacturers,  is 
to  lay  die  articles  on  a  clear  coal  fire,  or  on  a  hot  bar,  uC 
fliey  exhibit  the  requisite  colour;  but  small  articles  which 
were  to  be  reduced  to  a  blue  temper  were  commonly 
blazed,  tliat  is  they  were  first  dipped  in  oil  or  melted  grease, 
and  then  held  over  a  iire  till  the  oil  became  infiamed,  and 
thus  evaporated. 

Some  particular  articles  require  a  nicety  o''  temper 
that  is  not  very  easily  att;tii  led  by  trusting  merely  to  the 
change  of  colour,  a  circumstance  that  induced  Mr.  Hurt- 
ley,  in  the  year  1789,  to  take  out  a  patent  for  a  new  and 
more  accurate  methjd.  For  this  puqwise  u  mercurial 
thermometer  graduated  as  higli  as  600*  is  to  be  immers- 
ed in  an  iron  trough  heated  by  a  furnace  or  lamp  pLiccd 
below  it,  and  filled  with  fusible  mttul,  upon  the  surf..ce  of 
which  the  steel  is  to  be  laid,  which  in,iy  tluis  be  tcmpentJ 
witli  great  accuracy  at  any  degree  of  the  tliermometer  ti  ut 
the  artist  chuses.  Oil  miy  be  substituted  to  the  fusible 
metal,  and  the  effect  will  be 'h*?  same,  except  thit  tlie  steel 
being  in  tliis  case  tempered  beneath  ttie  surfaijc  of  iJie  li- 
quid, and  of  course  out  of  tlte  contact  ot'  atinospberical  air, 
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will  not  exhibit  those  changes  of  colour  which  take  [to 
when  the  other  mctliods  are  employed.     The  following 
^ble  sho^vs  tlie  temperature  at  which  the  various  coloun 
make  their  appearance. 

430^  to  450^  indicates  die  several  tints  of  straw  coloufi 
and  is  the  temper  for  razors  and  those  intruments  vhidi 
have  a  stout  back  supjporting  a  keen  and  delicate  e^. 

470  ^  corresponds  with  the  full  yellow,  and  b  the  pro> 
per  temper  for  scalpels,  pen-knives,  and  other  fine-edged 
instruments. 

490^  indicates  die  bro\ni  yellow,  and  is  the  proper 
temper  for  scissars  and  small  shears. 

510'^  indicates  the  first  tinge  of  purple,  and  is  the  tem- 
per fw  pocket  and  pruiung-knives. 

530^  indicates  puqile,  and  is  the  temper  for  tabk 
and  carving-knives. 

550^  to  560*  indicates  the  different  shades  of  blue,  and 
is  the  temper  for  watch-brings,  swords,  and  all  those  in- 
struihents  in  which  great  elasticity  is  required. 

600*  ccHTCsponds  with  black,  and  is  the  lowest  degree 
of  temper. 

Oiie  great  advantage  attending  the  use  of  cast  steel  is 
its  uniform  quality :  the  carbon  which  it  contains  appeals 
to  be  equally  distributed  through  every  part  6[  the  same 
mass  in  consequence  of  the  fusion  that  it  has  undergone : 
whereas  both  the  natural  steel  and  the  steel  of  cementation, 
are  apt  to  contain  veins  of  iron,  either  quite  soft  or  at  moA 
very  slightly  carburetted,  and  thus  a  degree  of  imperfec- 
tion and  uncertainty  is  introduced  extremely  mortifyii^ 
to  the  artist,  and  not  unfrequently  the  occasion  of  much 
labour  in  vain.  It  is  therefore  no  small  benefit  which  Mr. 
Nicholson  has  conferred  on  the  workers  in  iron  and  sled 
by  puhlisihing  a  simple  and  effectual  method  of  ascertain- 
ing whether  any  puiticular  bar  is  pure  iron  or  steel  or  t 
HUiLture  of  both.    The  surface  of  the  metal  bdng  cleaned 
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with  a  file  or  with  emery  paper,  is  to  be  spread  over  with 
"very  dilute  nitrous  acid,  by  wliich  the  iron  will  be  dissolv- 
ed, but  the  carbon  will  remain  behind  untouched ;  after 
dierefore  the  acid  has  been  allowed  to  act  for  a  few  minutes, 
the  bar  is  to  be  put  into  clean  water  and  moved  about  in 
it  gendy ,  diat  both  the  residual  acid  and  die  nitrat  of  iron 
may  be  washed  away,  care  being  taken  not  to  toucli  the 
surface  widi  the  hand  or  any  tiling  else  diat  may  rub  off 
the  carbon.  The  bar  thus  washed,  if  pure  iron,  will  exhi- 
bit an  uniform  iron-grey  colour ;  if  it  b  e  pure  steel,  the 
colour  of  die  surface  will  be  black,  the  iron  having  becrt 
taken  up  by  the  acid  and  a  thin  coating  of  carbon  remain- 
ing ;  but  if  it  be  a  mixture  of  iron  and  steel,  the  surface 
will  be  dotted  or  streaked,  those  piirts  which  arc  steel  be- 
ing of  a  dull  black,  and  those  which  are  iron  exliibiting  die- 
usual  colour  and  lustre  of  this  metal. 

Steel  being  considerably  more  expensive  than  iron,  it 
is  customary  in  making  die  larger  and  coarser  kinds  of 
cutting  instniments  to  form  only  the  edge  of  steel.  Tlie 
two  bars  of  iron  and  steel  are  first  welded  together  and 
afterwards  forged  into  the  requisite  shajje  in  the  usual 
manner.  Highly  carbonized  steel  is  however  incapable 
of  being  thus  united  to  iron,  because  the  same  tempera- 
ture at  which  iron  welds  fiieely,  is  that,  at  which  this  kind 
of  steel  enters  into  fusion,  and  dierefore  die  first  stroke  of 
the  hammer  will  entirely  shatter  die  steel  and  disperse  it 
about  in  small  fi-agments.  This  however  is  a  difficulty 
which  it  is  well  worth  while  taking  some  pains  to  oixt- 
come,  as  the  efficacy  and  durability  of  instruments  dius 
composed  materially,  depends  upon  the  goodness  of  the 
steel.  The  most  effectual  way  hitherto  discovered  of 
uniting  together  iron  and  highly  carbonized  steel,  is  that 
published  by  Sir  Thos.  Frankland.  The  iron  is  to  be 
laiaed  to  a  welding  heat,  in  one  forge,  and  the  steel  is  to 
be  made  as  hot  as  it  can  bear  without  becoming  very  brit- 
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Uc,  in  aiiollier ;  bodi  pieces  are  then  to  br  quicWy 
to  the  anvil  and  made  to  adhere  together  by  gentle  ham- 
mering. 

Several  curious  pieces  of  work  arc  made  of  iron  and 
steel  welded  together,  especially  the  real  Damascus  swnrd 
blades,  which  are  beUeved  to  be  composed  of  !>lip»  or 
diin  rods  of  iron  aiwl  steel  bound  together  w-ith  ircm  wire, 
and  the  wliole  firmly  cemented  together  by  M-ddii^ 
The  properties  and  external  appeai'cmce  of  swch  a  biaSe, 
correspond  vferycxacdy  with  the  supposed  mode  in  wUdr 
it  is  manufactured.  Its  colour  is  a  dull  blueishgrey,  ks 
scarcely  harder  than  common  steel  from  the  forge,  it  is 
not  easily  bent,  and  when  bent  hus  no  elasticity  to  pxA- 
ver  its  original  figure ;  but  the  circunistance  which  prm- 
cipiilly  characterizes  it  is  die  appearance  of  narrow  wavii^ 
lines  not  crossing  each  other  and  chitflj-  running  from 
heel  to  point ;  they  are  ill-defined  and  about  the  thickness 
of  a  harpsichord  wire.  This  wavy  appearance  is  not  pro- 
duced by  any  perceptible  indentation  of  the  surtice,  but 
merely  by  a  slight  dificrence  in  the  degree  of  polish  or 
brightness,  and  therefore  may  be  at  once  dtstii^uisbcd 
from  the  false  damaslting  or  etching  hy  wliich  odaer 
sword-blades  are  made  to  resemble  the  genuine  Damas- 
cus ones.  In  die  false  Damascus  blades,  the  waving  lines, 
called  the  xvatei;  arc  obliterated  by  grinding,  but  in  the 
real  ones,  although  tlie  water  is  at  first  impercejrtiblc  after 
grinding,  yet  it  may  at  any  time  be  made  to  re>a|ipeir  by 
rubbing  the  blade  with  lemon  juice,  no  doubt  on  account 
of  the  unecjual  action  of  this  weak  acid  on  u  surfiice  com- 
posed both  of  steel  and  iron. 

Besides  the  varieties  of  steel  that  we  have  already  dcfr 
■:ribcd,  there  yet  remains  one  more,  concerning  whkb  I 
i'cw  words  will  be  necessary  :  this  is  Wootz.  The  nib* 
Ktance  km>^vn  by  this  rmmc  in  Iiidia,  is  imported  into  tl^ 
rouniry  in  tlic  form  ot  rutmd  flat  cakes  about  five  iasM 
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p  diameW  and  one  inch  b  thickness.  When  cold  it  is 
tDCommonly  refractory,  neither  breaking  uor  bending  un- 
r  the  hammer.  It  is  not  nearly  so  easy  to  be  filed  as 
Iher  bar  or  cast  steel  before  these  have  been  hardened : 
ikcs  an  extremely  high  brilliant  polish ;  its  Iracture  is 
(derately  close,  resembling  that  of  blister-steel  that  has 
1  heated  and  h;imniered  a  little.  When  nearly  white 
t  it  i»  malleable,  but  is  much  more  likely  to  crack  un- 
r  this  treatment  than  even  cast  steel ;  it  requires  there^ 
:  much  care,  labour,  and  time  to  fashion  it  into  any  re- 
]  shape.  When  made  white  hot,  it  exhibits  the  glas- 
f  smooth  surface  of  welding  iron,  but  when  struck  very 
intly  with  a  hammer,  it  cracks  in  many  pUiccs,  and  by 
arder  blow  is  shivered  to  pieces.  When  brought  to  a 
(g;h  heat  and  quenched  suddenly  in  cold  ^vater,  it  bc- 
nes  harder  than  at  fir^t,  though  Dot  equally  so  with  the 
test  cast  steel  in  similar  circumstances ;  but  on  tlie  other 
,  it  is  not  capable  of  being  sensibly  softened  by  an- 
alingas  the  otlier  varieties  of  steel  are.  At  a  high  heat 
s  fusible,  and  after  being  melted  exhibits  a  close  com- 
kpt  grain,  b  conwderably  brittle,  and  bears  a  lery  near 
lemblance  to  cast  steel.  From  its  :inalysis  and  other 
umstanccs,  it  is  considered  by  Dr.  Pearson  as  diflcr- 
~£g  from  steel,  only  in  containing  a  little  oxyd  of  iron. 

Comparison  and  analysis,  of  Cast  Irony  Bar  Iron, and  Steel. 

Notwithstanding  the  close  attention  of  various  eminent 
chemists  to  this  important  subject,  much  yet  remains  to 
be  done  before  an  entirely  satisfactory  theorj-  can  be  form- 
ed to  account  for  the  different  properties  possessed  by  the 
various  kinds  of  iron  and  steel.  We  sliall  endeavour  to 
show  in  the  present  section,  the  jM^ogrcss  that  has  already 
been  nude  in  this  interesting  anal)'sis,  and  shall  tlien  point 
out  some  of  die  cliief  difficulties  that  yet  remain  to  be. 

:rcome. 
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In  all  the  varieties  of  iron  and  steel,  the  principal  ingito 
dient  is  metallic  iron,  and  as  this  metal  in  the  r^line 
state  alone,  has  the  property  of  giving  out  hydrogen  gas 
while  dissolving  in  dilute  sulphuric  or  muriatic  acidsi 
the  amount  of  inflammable  gas  thus  {HDduced  has  been 
adopted  by  Bowman,  by  BerthoUet,  and  Pearson,  as  upon 
the  whole  the  most  satisfactory  and  compaidious  expo- 
nent of  the  quantity  of  reguline  iron  contained  in  any  rf 
the  known  varieties  and  forms  of  this  metal.     Thus  i 
mixture  of  equal  parts  of  reguline  and  oxydized  iron  by 
treatment  widi  dilute  sulphuric  acid,  will  produce  oolf 
half  the  quantity  of  hydrcgen  gas  that  an  equal  weight  of 
pure  iron  would.     But  this  can  be  admitted  to  be  a  per* 
fectly  accurate  mode  of  proceeding,  only  where  the  mix^ 
ture  thus  analyzed,  contains  nothing  that  is  soluble  in 
hydrogen  gas  at  the  temperature,  and  in  the  other  circuni- 
stonces  under  which  the  experiment  is  performed.    None 
of  the  kinds  of  manufactured  iron  is  entirely  firee  fix^m  car- 
bon, and  this  according  to  BerthoUet  is  taken  up  by  the 
nascent  hydrogen  as  the  metal  dissolves  in  the  add,  whence 
originates  a  material  source  of  error,  the  quantity  of  gas 
produced  depending  not  merely  on  the  proportion  of  iroo. 
but  also  of  carbon  in  the  mixture.     It  appears  from  fier- 
thoUet's  experiments  that  when  cast  iron  or  steel  is  treat- 
ed by  dilute  sulphuric  acid,  at  a  boiling  temperature,  ir 
proportion  as  the  metal  dissolves,  a  black  spungy  matter 
is  obser\'ed  floating  in  the  solution  :    the  quantity  of  this 
increases  till  the  process  is  about  half  over,  then  it  b^ns 
to  diminish,  and  will  be  found  to  have  entirely  disappear- 
ed by  the  time  that  the  last  portions  of  iron  liave  dissolved. 
This  black  matter  is  carbon,  which  being  insoluble  in  sul- 
phuric acid  or  sulphat  of  iron,  must  necessarily  have  been 
taken  up  by  the  hydrogen.     This  accordingly  is  found  to 
be  the  case,  for  the  gas  produced  requires  a  greater  pro- 
portion of  oxygen  for  its  combustion,  and  the  resuh  of 
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Ac  process  is  a  quantity  of  carbonic  acid.  This  is  fur- 
ther confirmed  by  an  observation  of  Rinman's  that  the  in- 
flammable gas  arisir.g  fr  ^m  the  solution  of  steel,  affords  by 
combustion  more  fixed  air  than  that  which  is  produced 
from  the  solution  of  bar  iron.     From  the  numerous  ex- 

.  periments  of  Bcrthoilet  on  this  subjec*^,  we  have  selected 
the  six  following  as  sufficient  for  our  purpose,  ani  having 

■  conv^ed  the  weights  aiid  m::asurcs  into  English,  it  ap- 
.  pears  that  at  29.84  Bar.  and  SQ''  Falir. 

Grs.  measures  of  inflammable  ^u, 

'100  of  grey  cast  iron  yield  with  diluted  sulphuric  acid  104.8  oz. 
too  of  bar  iron  made  from  the  preceding  -  -  1 1 1 .5  do. 
100  of  Steel  from  the  preceding  •  •  108.3  do. 

-    100  of  Swedish  bar  iron  -  -  -  114.    do. 

100  of  Steel  from  the  preceding  -  -  106.7  do. 

too  of  white  cast  iron  from  Eiscnerz  -  -         .97.4  do. 

It  might  at  first  be  supposed  that  a  ^ven  quantity  of 
- '  hydrogen  would  increase  in  bulk  in  proportion  to  the  car* 
bon  taken  up  by  it,  the  reverse  of  this  however  is  in  fact 
the  case :  therefore  if  Swedish  bar  iron  be  considered  as 
the  pure  state  of  this  metal,  represented  by  the  number 
114,  the  proportion  of  iron  contained  in  an  equal  weight 
of  steel  made  from  the  same  will  be  more  than  10G.7,  be- 
cause the  former  number  indicates  pure  hydrogen,  but  the 
latter  carburetted  hydrogen. 

Dr.  Pearson  on  the  other  hand,  in  his  experiments  on 
Wootz,  assures  us  that  when  dilute  sulphuric  acid  is  act- 
ing on  steel  at  the  common  temperature,  a  quantity  of  black 
carbonaceous  matter  is  sepiirated,  which  continut^  to  aug*> 
ment  so  as  to  impede  the  eflfcct  of  the  acid  ;  if  at  this  pe- 
riod a  lamp  is  applied,  the  increased  temperature  brings  on 
a  more  rapid  action,  and  the  black  sediment  appears  ra- 
ther  to  diminish  in  quantity.  T  his  diminution  however 
Dr.  P.  attributes  only  to  the  solution  of  the  iron  with 
which  the  carbon  was  combined,  and  not  to  tlie  solution 
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of  the  carbon  Itself  in  the  h}  drogen :  for,  says  he,  the  gas 
uhen  burnt  w  ith  ox}  gtn  procund  from  manganese,  m- 
fliimed  like  common  h}  drogen,  and  whether  procured  by 
means  of  iron,  or  steel,  or  wootz,  produced  only  a  voy 
slight  turbidncbs  with  lime-water ;  whereas  carbmetted 
hydrogen,  prepared  by  passing  steam  through  hot  char- 
coal,  being  treated  in  the  same  manner,  rendered  the  lime- 
water  quite  milky.  The  proportions  of  gas  finom  iron 
and  steel  were  also  rem:irkably  less  than  tliose  mentioned 
by  BtrthoUet.  100  grains  of  \^•ootz,  by  se\'eral  experi- 
ments,  yielded  from  78  to  84  ounce  measures  of  gas. 
100  grains  of  steel  wire,  also  by  various  experiments, 
yielded  from  83  to  86  ounce  measures  of  gas.  100 
gnuns  of  iron  wire  yielded  from  86  to  88  ounce  mea- 
sures. 

How  much  soever  the  experiments  of  BerthoUet  and 
Dr.  Pearson  differ  in  other  respects,  yet  we  may  infer  that 
Swedish  bar  iron  contains  a  larger  proportion  of  r^line 
iron  dian  the  other  varieties  of  bar  iron,  that  sfced  contains 
a  smaller  proportion  than  bar  iron,  that  wootz  contains  a 
still  smaller  proportion,  that  grey  cast  iron  is  inferior  b 
tliis  respect  to  steel,  and  tliat  white  cast  iron  b  the  least 
pufj  of  any. 

We  also  learn  that  the  lower  the  temperature  is  at 
which  llie  solution  of  die  iron  is  made,  the  purer  is  the 
h;  (Irogtn  diat  is  produced,  and  with  j^Toper  care  that  the 
objections  niisid  by  KnhoUet  to  the  accuracy  of  this 
n .  *  de  of  proc tc  ding,  n  la}  bt  completely  done  away.  (?  T.  C) 

We  lia\'e  alrciidy  mentioned  tliat  almost  all  the  known 
varieties  of  iron  and  sttel  contain  a  larger  or  snnialler  pro- 
portion of  carbon.  The  quantity  of  this  in  any  particu- 
li.r  sample  of  metal  may  best  be  ascertained  by  digesting 
the  metal  in  dilute  nitro-muriatic  acid,  w^hich  will  leaw 
untouched  the  carbon  united  with  a  little  iron.  This 
black  insoluble  residue  being  washed  in  warm  water  anrf 
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finally  digested  for  a  Tninll^e  in  weak  ammonia,  should  be 
heated  in  a  flask  almost  to  redness,  to  expel  the  water  and 
any  muriat  of  ammonia  that  it  may  contain ;  being  then 
weighed,  it  is  to  be  ignited  in  a  silver  or  platina  crucible 
till  the  whole  of  the  carlDon  is  burnt  off,  and  the  residual 
iron  is  oxydized :  from  the  weight  of  this  oxyd  is  to  be 
deducted  48  per  cent,  on  account  of  the  oxygen,  and  ti>e 
.  difference  between  the  weight  of  the  remainder  and  that  of 
the  black  powder  before  ignition  indicates  tlie  amount  of 
Carbon. 

The  affinity  of  iron  for  carbon  is  pretty  considerable, 
though  it  is  by  no  means  capable  of  decomposing  car- 
bonic acid  by  combining  with  its  base,  as  Mushet  has 
clearly  shown  in  opposition  to  the  assertion  of  Clouet. 

The  effects  produced  ujjon  iron  by  carbon  are  very 
remarkable.  First  mth  regard  to  colour :  the  blueisli  grey 
tint  of  iron  becomes  more  and  moie  white  in  proportion 
as  it  combines  with  carbon,  till  it  possesses  almost  a  silve- 
ry colour  and  lustre,  as  is  the  case  with  the  white  cast  iron 
in  which  state  the  metal  seems  to  be  saturated  with  car- 
bon. At  the  same  time  that  these  changes  of  colour 
are  going  on,  the  tendency  to  cr}'st<iUization  is  rapidly  in- 
creasmg,  hence  the  fracture  from  being  fibrous  and  hack- 
ly,  becomes  first  compact,  then  granular,  and  at  length  ex. 
bibits  facets  like  antimony.  With  these  changes  the  fusi- 
bility  increases,  and  the  faculty  of  welding  diminishes,  and 
soon  entirely  ceases :  the  ductility  and  malleability  also 
undergo  an  analogous  change,  though  not  quite  to  so 
great  an  extent :  the  hardness  increases,  as  also  docs  the 
property  of  induration  by  sudden  cooling,  and  the  capabi- 
lity of  being  tempered. 

Iron  however  may  not  only  be  saturated  but  supersa- 
turated with  carbon :  that  is  to  say,  when  at  a  very  high 
temperature  it  will  dissolve  more  carbon  than  it  can  hold 
in  solution  at  a  lo\ver  tempemture ;  and  iii  consequence. 
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bv  slow  cooling  while  it  is  still  fluid,  a  part  of  tM*^  excess 
of  carbon  will  separate  from  the  rest  of  the  mass  and  rise 
to  the  surface,  forming  a  flasky  crust  of  plumbago  or  car. 
buret  of  iron.  Some  however  of  the  plumbago  will  still 
remain  enveloped  by  and  dispersed  through  the  iron,  giv- 
ing it  an  uniform  dark  grey  or  bkick  colour  if  the  propor- 
tion is  considerable,  or  only  mottling  it  if  the  excess  of 
this  substance  is  very  slight. 

The  actual  proportions  of  carbon  contained  in  the  dif- 
ferent  kinds  of  iron  have  not  yet  been  ascertained  with  any 
accuracy  eitb.er  by  analysis  or  synthesis  ;  but  thus  much 
appears  certain,  that  bar  iron  in  general  contains  a  smaller 
quantity  tkin  the  softer  varieties  of  steel,  and  these  again 
always  contain  less  airbon  than  the  common  and  finer 
cast  steel ;  that  in  the  white,  the  mottled,  the  grey,  and 
the  black  varieties  of  cast  iron,  the  dose  of  carbon  is  am- 
stantly  augmenting,  in  the  last  of  which  the  proportion  of 
carbon  is  probably  about  ,J  of  the  whole. 

Oxygen  is  also  contained  in  most  of  the  variedes 
of  iron,  and  the  effects  occasioned  by  it  in  the  different  pro. 
cesses  to  which  this  metal  is  subjected,  require  more  atten- 
tion than  has  hitlierto  been  paid  to  them.  Cast  iron  ap- 
pears to  be  highly  charged  with  oxygen,  and  on  this  ac- 
count requires  to  be  supersaturated  with  carbon  in  order 
to  be  converted  with  any  economy  into  bar  iron.  It  may 
seem  at  first  a  paradox  to  maintain  the  co-existence  of  oxy- 
gen and  carbon  in  the  same  metallic  mass,  especially  con- 
sidering the  great  heat  to  which  it  is  exposed  in  the  piDcess 
of  reduction,  since  it  is  an  universal  and  uncontroverted 
fact,  that  metallic  oxyds  are  decomposed  by  carbon  at  a 
high  temperature,  the  oxygen  and  carbon  uniting  together 
and  being  dissipated  in  the  form  of  gas,  the  metallic  legu- 
lus  remaining  behind.  But  wlien  the  roughness  of  tbe 
smelting  procc^ss  in  blast  furnaces,  and  the  large  quanti. 
iy  oi  matenui;,  o^Kiatcd  on  at  once,  as  well  as  the  gicgi 


Cast  Steel  409 

pressure  of  the  superincumbent  scoriae  are  taken  into  con- 
sideration, we  shall  cease  to  be  surprised  at  the  apparent 
anomaly.  The  existence  of  oxygen  in  cast  iron,  is  ma- 
nifest from  the  phenomena  that  accompany  the  operation 
of  puddling  as  already  described  in  a  preceding  section. 
The  crude  iron  being  subjected  to  a  high  temperature, 
under  a  pressure  no  greater  than  that  of  the  atmosphere, 
the  oxygen  and  carbon  that  it  contains  react  upon  each 
other  and  produce  carbonic  acid  and  gaseous  oxyd  of  car- 
bon, which  having  escaped,  the  metal  is  found  reduced 
to  a  state  of  malleability.  The  same  effects  take  place  in 
close  vessels,  as  Dr.  B  .tldoes  has  well  shown.  If  crude 
cast  iron  is  put  into  a  retort,  as  soon  as  the  vessel  and  its 
contents  have  acquired  a  low  red  heat,  an  inflammable 
gas,  mixed  with  carbonic  acid,  is  given  out  with  consider- 
able  rapidity  (this  inflammable  gas  must,  from  the  cir- 
cumstances,  be  the  oxyd  of  carbon)  when  the  production 
of  gas  ceases,  the  iron  upon  examination  will  be  found 
to  have  lost  somewhat  of  its  weight,  and  to  be  nearly  in 
the  state  of  bar  iron.  But  though  this  combination  of  the 
oxygen  and  carbon  of  the  crude  metal,  and  the  conse- 
quent generation  of  air  takes  place  with  great  ease  when 
the  beak  of  the  retort  is  but  just  dipped  under  water,  yet 
if  the  pressure  amounts  to  five  inches  of  water,  in  addi- 
tion to  the  atmosphere,  the  disengagement  of  air  proceeds 
very  slowly,  and  entirely  ceases  if  instead  of  the  water,  a 
single  half  inch  of  mercury  is  employed ;  although  upon 
removing  this  obstacle  the  bubbles  of  air  pass  through  as 
before. 

By  the  treatment  that  cast  iron  undergoes  during  its  con- 
version into  malleable  bar  iron,  the  greater  part  of  the  ox- 
ygen  and  carbon  is  got  rid  of ;  still,  however,  a  small 
quantity  of  oxygen,  the  smaller  in  proportion  to  the  good- 
ness of  the  iron,  remains.  This  is  inferred  with  much 
probability  from  the  blistered  appearance  that  the  bars  of 
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iron  exhibit  after  hiving  been  converted  into  steel  by  ce- 
mentation. These  blisters  are  manifestly  occasioned  by 
the  exudation  of  a  gas  from  the  bar,  and  this  gas  in  all 
probability  is  oxyd  of  carbon.  A  further  proof  of  the  ex- 
istence l3oth  of  owTCu  and  carl)on,  even  in  Swedish  bar, 
mav  be  deduced  fro'u  some  interesting  experiments  by 
Mr.  Musb-t.  Having  put  some  pieces  of  S^vedish  bar 
iron  into  an  earthen  crucible,  with  a  flux  composed  of 
marble  and  calcined  clay,  he  observed  first,  tliat  the  earths 
melted  together  before  tlie  iron  showed  signs  of  fusicn, 
and  that  while  this  latter  was  melting,  bubbles  of  air  wot 
continually  rising  from  it  and  passing  through  the  vitrified 
flux  :  this  gas  burnt  with  a  lambent  blue  flame,  and  pro- 
bably was  gasseous  oxyd  of  carbon :  the  iron  sustained 
a  notable  loss  of  weight,  and  had  become  considerably 
softer  than  at  first. 

Steel  probably  is  entirely  free  from  oxygen. 

The  action  of  vitrescent  earthy  mixtures  comes  next 
to  be  considered.  It  is  certain  that  cast  iron  contains  a 
very  considerable  proportion  of  scoriae  diffused  through 
its  substance,  which  are  partly  got  rid  of  by  subsequent 
fusion,  as  they  rise  to  the  surface  of  the  metal,  being,  con- 
siderably lighter  than  it,  while  such  portions  as  still  re- 
main arc  got  rid  of,  for  the  most  pirt,  by  liammcring  and 
laminating  during  the  conversion  of  the  cast  iron  into  bar. 
A  very  small  proportion  of  scoriae,  however,  is  not  unlre- 
qucntly  left  in  tlie  iron,  as  is  obvious  fi-om  the  earthy  re- 
sidue  that  some  of  the  varieties  of  this  metal  leave  behind 
them  when  dissolved  in  acids.  It  b  not  yet  clearly  made 
out  what  is  the  precise  effect  of  a  little  earth  on  the  mallea- 
bility of  iron.  Clouet  has  endeavoured  to  show  that  it 
renders  the  iron  softer  and  more  malleable,  but  inclined 
to  be  hot  short,  and  the  experiment  by  which  he  demon- 
strates it,  is  the  fusing  together  of  iron  and  glass,  by  which 
the  effects  just  mentioned  arc  produced  upon  the  metal. 
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3ut  this  is  precisely  the  same  experiment  as  that  of  Mr. 

.-  Mushet's,  related  in  the  preceding  paragraph,  and  M. 
Ciouet  having  entirely  overlooked  the  extrication  of  gas 
from  The  metal,  has  gratuitously  attributed  the  change 
produced  to  a  combination  of  the  iron  with  a  little  of  the 
glass,  without,  as  appears,  taking  the  trouble  to  substan- 
tiate his  h}*pothesis  by  actual  analysis. 

C.iSt  iron  made  witli  coke  instead  of  charcoal,  must 
necessarily  contain  a  variable  proportion  of  sulphur :  nor 

*  is  this  substance  very  likely  to  be  entirely  dissipated  by 

the  subsequent  refining  that  the  metal  goes  through  ;  and 

.  it  appears  from  a  direct  experiment  by  Dr.  Beddoes,  that 

»^  iron  after  being  puddled  and  stamped,  if  treated  vrith  mu-^ 
jiatic  or  sulphuric  acid,  will  give  out  sulphuretted  hydro, 
gen.  Bergman  has  shewn  that  certain  varieties  of  iron 
C')Mtain  manganese,  and  others  phosphoric  acid.  Ciouet 
has  detected  arsenic  in  some ;  and  other  chemists  huvev 
somewhat  obscurely  intimated  the  presence  of  lead,  copper, 
ar.d  zinc,  wliich  is  far  fix)m  improbable,  as  several  of  the 
^res  of  iron  are  occasionally  mixed  with  galena,  copper 
pyrites  and  blende.  But  the  effect  of  these  substances  in 
small  quiuiiity  on  iron  has  not  yet  been  ascertained  by  any 
experiments  that  can  be  depended  on ;  it  is  therefore  ob- 
vious how  much  remains  to  be  done  before  we  acquire  a 
thorough  knowledge,  even  on  practical  points,  of  this 
most  important  of  all  metals. 

The  following,  in  the  present  state  of  our  researches  on 

'    Ais  subject,  may  be  laid  down  as  the  essential  characters 

"  of  tlie  principal  forms  under  which  iron  exhibits  itself, 
Crudecast  iron,  besides  casual  impurities  contains  carbon^ 
oxyd  of  iron,  and  vitrified  earth.  The  difierence  between 
white,  mottled,  grey  and  black  cast  iron  depends  on  the 
proportion  of  carbon,  which  is  smallest  in  tjie  white  and 
glrifcstin  the  black.  By  the  process  of  refining  or  re* 
smelting,  most  ot  the  eahh  and  oxyd  of  iron  rises  to  the- 
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surface  of  the  metal  in  the  form  of  a  dense  slag ;  hence  tbe 
residual  iron  differs  from  the  crude  pig-metai  in  contain- 
ing less  earth  and  oxyd.  By  the  subsequent  opcratioas 
the  carburet  and  oxyd  of  iron  mutually  decompose  each 
other,  forming  carbonic  acid  and  carbonous  o  xyd,  by  n^iiich 
the  metal  is  freed  both  from  its  oxygen  and  carbon.  In  this 
state  it  forms  bar  iron,  which  may  or  may  not  retain  a 
small  prop(^ion  of  vitrified  earth,  but  \i  hich  seems  even 
when  purest  to  hold  a  little  both  of  carbon  and  oxyd.  If 
this  bar  iron  is  exposed  in  a  close  vessel  to  a  high  beat, 
the  carbcHi  and  oxygen  that  it  contains  (if  they  are  in  due 
proportion  to  each  other)  will  be  entirely  got  rid  of,  the  ni& 
tal  will  become  very  soft,  and  will  be  at  the  same  time 
malleable  and  fusible.  If  the  bar  iron  instead  of  bdng 
heated  by  itself  has  access  to  carbon  either  in  the  state  of 
charcoal  or  plumbago,  its  oxygen  will  be  expelled  and 
carbon  will  at  tlie  same  time  be  absorbed  :  if  die  portioQ 
of  this  latter  be  small,  the  mixture  will  partake  of  the  pr6- 
perties  both  of  iron  and  steel,  hence  it  will  be  very  malle- 
able and  capable  of  being  wielded,  but  also  will  be  harder 
than  pure  iron,  somewhat  more  fusible  and  susceptible  of 
being  tempered.  By  being  united  with  a  fit:sh  p(xtion  of 
carbon  it  will  become  still  mcH^  fusible  and  will  lose  its 
welding  property  ;  it  will  become  harder,  more  compact, 
and  will  form  the  fine  cast  steel.  A  further  portion  of 
carbon  increases  the  brittleness  and  hardness,  so  as  to  ren- 
der it  incapable  of  being  wrought,  and  its  colour  and  tex- 
ture will  approach  to  that  of  white  cast  iron :  in  this  state 
it  may  be  regarded  as  saturated  with  carbon.  It  is  how- 
ever capable  of  uniting  to  this  substance  even  to  sujibrsa- 
turation,  by  which  its  colour  and  texture  resembles  that  of 
grey  or  black  cast  iron ;  its  fusibility  is  somewhat  increas- 
ed but  its  hardness  is  so  much  lowered  by  this  excess  of 
carbon  as  to  allow  it  to  be  wrought  with  ease  by  a  qpm- 
mon  file,  nor  caa  it  be  materially  hardened  by  sudden 
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•Doling  or  be  tempered,  so  that  it  is  no  longer  in^  state 
of  sted.  By  a  still  further  cementation  with  charcoal  it 
would  in  all  probability  be  converted  into  plumbago. 

Many  chemists  have  supposed  that  supercarbonized 
steel  is  the  same  thing  as  crude  iron,  because  they  resem- 
Ue  each  other  in  their  fracture  and  colour  and  contain 
carbon ;  and  upon  this  reasoning  have  been  founded  se- 
veral imperfect  and  ineffectual  methods  of  applying  the 
finer  kinds  of  cast  iron  to  some  of  the  uses  of  common 
€ast  steel ;  but  we  have  shewn  that  however  great  may  be 
the  resemblance  in  some  points,  yet  cast  iron  essentially 
differs  from  steel  in  containing  both  earth  and  oxyd  of 
iron,  and  therefore  cannot  be  substituted  for  it  with  any 
success. 

It  only  remains  to  say  a  few  words  concerning  two 
states  of  bar  iron  called  hot-short  and  cold-short. 

Iron  that  is  hot-short  or  red-short  is  very  soft  and  duc- 
tile when  cold,  on  which  account  it  is  generally  employed 
in  the  manufacture  of  wire ;  it  may  also  be  hammered  and 
welded  if  treated  skilfully  at  a  full  white  heat,  but  when 
it  has  cooled  down  to  a  cherry  red,  it  breaks  away  before 
the  hammer  and  is  dissipated  almost  like  sand. 

Cold-short  iron  on  the  contrary  is  harder  not  only  than 
hot-short  but  also  than  pure  Swedish  bar  iron  ;  it  may 
be  wrought  in  the  usual  way  when  red  or  white  hot,  but 
possesses  no  toughness  when  cold ;  so  that  a  lai^  bar 
may  with  ease  be  broken  across  by  a  common  hand  ham« 
Qier. 

Hot-short  iron  is  inu^ned,  radier  than  proved,  to  con* 
Sain  arsenic,  to  which  its  brittleness  at  a  red  heat  is  sup- 
posed to  be  owing. 

Cold-short  iron  is  supposed  by  Bergman  to  derive  its 
characteristic  qualities  from  a  portion  of  phosphoric  acid ; 
and  it  is  certain  that  phosphat  of  iron  has  been  fo\md  in 
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iron  of  this  description,  both  by  tlie  illustrious  Swe&h 
chemisit  just  iiamtd  and  Meyer  and  Clouet. 

ir  however  it  be  granted  that  Iiot-sliort  and  cold-short 
iron  respectively  contain  arsenic  and  phosphoric  acid,  yet 
it  must  in  return  be  allowed  tliat  these  qualities  appear  in 
verj'  many  cases  where  there  is  no  reason  to  suspect  ci- 
ther the  one  or  the  other,  and  that  the  methods  by  whidi 
tlicse  defects  may  be  produced  or  remedied  are  in  maiijr 
cases  at  least  not  very  reconcilable  with  their  sujqxised 
origin. 

It  wYiiiii  cast  iron,  that  is,  such  as  is  deficient  in  carbon, 
be  exposed  to  the  action  of  a  current  of  flame  after  it  has 
exhibited  its  proper  degree  of  malleability,  it  wHl  pass  into 
the  state  of  cold-short  iron,  and  its  brittleness  will  increase 
in  proportion  to  the  length  of  time  that  it  is  dius  exposed. 
Does  it  not  therefore  seem  probable  that  in  many  cases 
at  least  the  defects  of  cold-short  iron  are  occasioned  by  an 
absorption  of  oxygen  ?  This  however  the  advocates  for 
the  univcrsalit}'  of  Bergman's  theory  on  this  subject  may 
allow  with  perfect  consistency.     They  would  say  that 
tlie  phosphat  of  iron  originally  contained  in  the  ore  n 
converted  by  the  process  of  smelting  into  phosphuret  of 
iron,  w  hich  being  capable  of  uniting  perfectly  with  bar 
iron  and  iorming  only  a  vcrj'  small  proportion  of  the  whole 
may  render  the  iron  hard  without  materially  impairing  its 
toughness  while  cold :  but  wht  n  this  iron  deprived  of 
carbon  is  exposed  at  a  high  tempeniture  to  the  action  of 
the  air,  the  phosphorus  becomes  acidified,  and  the  phos- 
phat ol'  iron  that  hence  results  being  incapable  of  combin- 
ing with  malleable  iron  is  merely  dispersed  through  it, 
and  must  therefore  tend  to  render  it  brittle.     Nor  is  the 
explanation  of  tlie  fact  contradicted  by  the  methods  made 
use  of  to  correct  this  qualit)\     Rinman  says  that  cast  iron 
which  by  the  common  treatment  would  yield  cold-short 
bar,  may  be  made  to  afford  soft  malleable  iron  by  fusing 
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it  with  a  mixture  of  equal  parts  of  lime  aiid  scoriae.  Mr. 
Mushet  says  that  875  grains  of  cold  short  iron  when  melt- 
ed by  itself  in  a  covered  crucible  formed  a  perfect  button 
covered  by  a  thin  film  of  brown  glass.  The  metal  weii^h- 
ed  only  805  grains,  and  instead  of  being  cold-short,  was 
now  found  to  have  acquired  tlie  opposite  fault  of  being 
hot-short,  it  was  extremely  soft  and  ductile.  In  these  ex- 
periments it  may  be  s;ud  that  the  metal  being  brought  to 
a  state  of  quiet  fusion,  the  phosphat  of  iron  either  entirely 
or  at  least  for  the  most  part  separated  in  tlie  form  of  glass 
from  the  reguiine  portion.  But  as  all  the  above  pheno- 
mena may  be  accounted  for  equally  well  upon  the  suppo- 
sition that  the  cold-short  qualit}^  is  owing  simply  to  the 
mixture  of  oxyd  of  iron  with  the  metal j  it  would  be  use- 
less  to  speculate  further  on  the  subject  till  a  sufficient 
number  of  accurate  analyses  have  been  performed  to  di- 
rect our  investigations.  The  hot-sliort  quality  apj>ears  to 
be  occasioned  by  the  admixture  of  some  substance  which 
enters  into  fusion  at  a  low  red  heat,  and  thus  destroys 
the  tenacity  of  the  iron  through  which  it  is  diffused : 
hence  this  variety  of  iron  cannot  bear  the  liammer  at  a 
red  heat,  tliough  when  the  temperature  is  raised  to  the  full 
welding  point,  the  effect  of  this  unknown  subst^mce  is 
counteracted  by  the  tenacity  which  the  particles  of  iron 
then  acquire.  This  substance  lias  been  by  some  suppos- 
ed to  be  carbon,  but  tins  is  inconsistent  with  the  e  \trcme 
soilness  which  always  characterises  hot-short  iron :  for 
the  same  reason  it  cannot  be  phosphorus.  The  effects 
are  more  like  those  of  a  metallic  body  ;  and  lead,  arse. 
nic,  copper,  and  zinc  may  be  each  suspected  with  almost 
equal  probability.  In  some  varieties  of  hot-short  iron, 
especially  those  made  witli  coke,  the  fragility  increases 
with  the  increase  of  temperature,  and  diey  are  wholly  in- 
capable of  welding :  this  probably  arises  from  a  large  ad- 
mixture of  tlie  same  substance^  whatever  it  be,  to  wluch 
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the  more  usual  characters  of  hot-short  iron  are  o\ring, 
with  perhaps  a  little  sulphur. 

Physical  properties  of  Iron  and  SteeL 

Iron  whether  in  the  states  of  cast  or  bar  iron,  or  sted, 
b  attractable  by  the  magnet,  and  capable  of  acquiring  po- 
larity, thb  last  property  however  is  more  durable  and  pow- 
erful in  steel  than  in  any  of  the  other  forms  of  diis  metal 

Supercarbonized  cast  iron  is  of  a  dark  grey  almost 
black  colour,  has  a  granular  fracture,  is  very  brittle,  is 
more  fusible  than  the  other  kinds  of  cast  iron,  and  yields 
without  difficulty  to  the  file.  White  cast  iron  is  of  a  tin- 
white  colour,  and  a  coarse  grained  fracture ;  it  is  britdc 
but  veiy  hard,  and  less  fusible  than  the  preceding  variety. 
The  grey  and  the  motded  varieties  approach  nearer  to  Ae 
one  cr  the  other  in  proportion  to  their  colour.  The  sp^ 
cific  gravity  of  cast  iron  has  not  been  ascertained  with 
great  exactness,  and  no  doubt  is  subject  to  some  varia- 
tions :  that  which  is  most  highly  carbonized  has  the  least 
specific  gravit}%  nor  does  it  probably  ever  much  exceed 
7.01.  Cast  iron  takes  impresdons  from  moulds  widi 
muchmcxe  sharpness  and  precision  than  any  other  metal : 
and  when  in  fu^on  jf  pieces  of  cast  iron  are  thrown  in, 
they  will  be  observed  to  float  on  the  sur&ce  till  they  rodt 
and  mix  indistinguishably  vnih  the  rest ;  hence  it  has 
been  generally  acquiesced  m  that  melted  cast  iron  is  of 
greater  specific  gravity  than  when  solid;  contraiy  to 
what  takes  place  in  all  the  other  metals.  This  however 
seems  to  be  founded  on  a  merefiiUacy,  for  if  it  were  tni^ 
the  iron  when  poured  into  a  mould  and  banning  to  so- 
lidify,  ought  to  spirt  out  part  of  the  melted  metal,  as  wa- 
ter does  under  similar  circumstances  when  converting 
into  ice :  whereas  on  the  contrary',  a  considerable  contiac* 
tion  happens  which  obliges  the  workmen  who  are  employed 
in  casting  large  pieces,  to  fill  the  runners  or  channeb  into 
the  mould  with  melted  metal^  lest  any  cavities  dxNikl  be 
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formed  in  the  piece  and  thus  spoil  it.  Further,  this  con- 
traction is  so  well  known,  that  when  castings  of  particu- 
lar dimensions  are  required,  the  mould  is  Cx>nstandy  made 
]ai^;er  than  the  pattern  by  7  c  or  sometimes  ^\y  to  allow 
for  the  shrinking.  Now  it  is  impossible  that  this  should 
happen  if  the  specific  gravity  of  the  melted  metal  really 
exceeded  that  of  the  solid  metal :  how  then  does  it  hap- 
pen that  the  solid  will  float  on  tlie  fluid  metal  ?  the  ans^'er 
to  this  is  not  perhaps  very  obvious ;  but  it  may  be  re- 
marked that  not  only  solid  cast  iron  but  even  bar  iron 
which  is  of  considerably  greater  specific  gravity,  and  not 
only  bar  iron  but  even  lead  which  is  more  than  half  as 
heavy  agsun  as  cast  iron,  will  float  upon  its  surface.  But 
though  cast  iron  like  all  other  metals  shrinks  when  it  be- 
comes solid,  yet  at  the  instant  of  congealing  it  appears  to 

-  undergo  a  momentary  expansion,  and  thus  takes  a  remark- 

-  ably  perfect  impression  of  any  pattern  with  which  it  comes 
in  contact. 

Bar  iron  is  of  a  bl  uish  white  colour,  has  a  fibrous  hack- 
ly frafcture,  is  malleable  both  when  hot  and  cold,  and  is 
capable  of  uniting  with  another  piece  of  bar  iron  by  weld- 
ing: it  may  be  drawn  into  very  fine  wire  and  is  the  most 
tenacious  of  all  metals,  a  wire  ^  of  an  inch  in  diameter 
being  capable  of  sustaining  from  450  to  SOOlbs.  before  it 
breaks.  It  is  fusible,  but  requires  fen*  this  purpose  a  high- 
er heat  than  cast  iron.  Its  specific  gravity  is  subject  to 
some  variations  :  that  of  common  hammered  iron,  accord- 
ii^  to  Dr.  Pearson,  is  from  7.45  to  7.6 :  Swedish  bar 
iron  varies  between  7.70  and  7.78.  It  expands  like 
all  odier  metals  by  heat :  the  amount  of  its  expansion  foe 
every  d^ree  of  Fahrenheit's  thermometer  between  the  fi^c- 
xing  and  belling  point  of  water,  is  equal  to  0.000006358. 

Sted  b  of  a^light-grey  colour  and  a  fi^cture  more  or 
less  fine  granular:  it  b  harder  ^aiid  more  brittle  than  bar 
konm  proportion  to  the  quanti^  of  carboq  that  it  con. 
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tains ;  when  slightly  charged  with  this  substance  it  isnal'' 
leable,  ductile,  \\  eldabk  and  elastic,  but  when  more  nuir. 
ly  saturated  with  cartxm  it  is  not  capable  of  being  Hvldcdi 
and  its  fusibility  is  increased.  It  may  be  hardened  by  Mid- 
den cooling,  and  may  aftenvards  be  made  softer  by  ttm* 
pering.  Its  specific  gravity  varies  much  :  that  of  tht  best 
blistered  steel  before  hammering  is  «=7.S1,  oi  the  same  af- 
ter hammering  =7.73  :  of  vety^  hard  steel  aB7.26:  of 
melted  steel  wire  =7.5 :  of  English  cast  &&ted  hummotd, 
from  7.82  to  7.91. 

Report  concerning  the  Art  of  making  Jine  Cutlery — From 
4  Nicholson^ s  Journal^  quarto^  p^^  1^7* 

The  fabrication  of  edge  tools  is  one  of  the  first  arts 
among  men  in  every  state  of  society.     Artizans  are  wdl 
awarc  of  the  ncccssit\\  that  the  instruments  of  thtir  res- 
pective  trades  should  be  made  to  pos&ess  the  guaiitia 
adapted  to  the  operations  by  which  they  gain  tlieir  sub- 
sistence ;  and  among  the  various  sub-divisions  of  labour, 
there  is  perhaps  no  material,  upon  wliich  the  skill  and 
judgment  of  practical  men  are  xaoc^  multifariously  ex- 
ercised than  steel.     The  makers  of  files,  of  chissels,  of 
planes,  saws,  and  the  infinite  variety  of  knives,  all  occupy 
their  several  departments  separate  from  each  other,  and 
possess  their  respective  degrees  of  celebrity  among  woxk- 
men,  which  are  grounded  on  their  knowledge  of  the  pe- 
culiar kinds  of  steel,  as  well  as  the  methods  of  working 
them,  which  are  best  suited  to  the  intended  operations. 
Many  of  these  methods  are  kept  secret ;  but  in  gcuerdl 
the  philosophical  enquirer  will  find  the  communications 
of  operauve  men,  to  the  full,  as  liberal  and  open  as  the 
circumstances  of  the  case  may  seem  to  warrant.     Many 
manu&cturcrs  have  no  reserve  with  r^^ard  to  the  manipu- 
lations of  their  art,  dnd  have  the  spirit  to  assert  their 
claims  to  public  encouragement,  upon  the  cpcn  ground 
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«f  the  address  and  int^ity  with  which  they  conduct  their 
professional  labours. 

Among  the  instances  of  this  kind  which  have  occurred 
to  me  during  a  life  of  diligent  enquiry,  I  have  lately  been 
much  gratified  by  the  ready  assistance  and  communica- 
tions of  Mr.  Stodart  of  the  Strand,  which  enable  me  at 
present  to  communicate  my  own  notions  on  the  subject 
of  fine  cutlery,  with  the  advantage  and  support  of  his  suc- 
cessful experience ;  which  I  shall  proceed  to  do  without 
Kirther  preface. 

It  appears  to  be  at  present  generally  agreed,  that  for  all 
works  which  do  not  require  welding,  cast  steel  is  prefera- 
ble to  any  other.  For  fine  cutlery  it  undoubtedly  is.  Mr. 
Stodart  uses  those  bars  which  are  marked  Huntsman, 
but  does  not  suppose  it  to  be  of  a  better  quality  than  that 
»f  Walker,  and  other  manufacturers.  He  complains, 
that  it  is  much  worse  in  qucility  now  tlian  formerly,  which 
complaint  I  have  also  heard  fi*om  other  intelligent  artists. 
I  did  not  ask  him  concerning  the  art  of  forging,  but  take 
\JL  for  granted,  that  it  consists  in  little  more  than  the  ac- 
q[uired  skill  of  managing  the  bar  and  the  hammer,  with 
the  {x^cautions  not  to  injure  the  texture  by  strong  ham- 
Bierii^  at  too  low  a  heat,  or  to  degrade  the  quality  of  the 
itcel,  by  too  much  heat  or  exposure  to  the  current  of  air 
tcom  the  bellows. 

Cutlers  do  not  use  any  coating  to  their  work  at  the  har- 
dening heat,  as  tlie  file  cutters  do ;  and  indeed  it  seems 
svidendy  unnecessary  when  the  article  is  intended  to  be 
tempered  and  ground.  Mr.  S.  agrees  with  me,  that  the 
best  rule  is  to  harden  as  little  as  possible  above  the  state  in- 
tended to  be  produced  by  tempering.  Work  \vhich  has 
i>een  overheated  has  a  crumbly  edge,  and  w  ill  not  afford 
iie  wire  hereafter  to  be  described.  The  proper  heat  is 
I  cherry  red  visible  by  day-light.  He  has  not  found  that 
uiy  advantage  is  obtained  from  tlie  use  of  salt  in  the  water, 
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or  cooling  that  fluid,  or  from  using  inercur}'  instead  of  na- 
ttr ;  hut  it  may  be  remarked,  ikit  questions  respecUng 
the  fluid,  aR',  properly  speaking,  applicable  only  to  fits, 
gravers,  and  sucli  tools  as  are  intended  to  be  Id)  it  the 
extreme  of  hardness.  Yet  though  Mr.  Stodart  ^ 
seem  to  attach  much  value  to  peculiiirities  in  the  fvocessof 
hardening,  he  mentioned  it  as  tlie  observation  and  pfacike 
of  one  of  liis  workmen,  that  the  charcoal  Grc:  should  be 
made  up  with  ^laving^  of  leather :  and  upOD  being  a^ked, 
whsx  good  he  supposed  the  leather  could  do,  tlus  woduiUD 
replied,  tliat  he  could  take  upon  him  to  say,  that  he  ncnr 
had  had  a  razor  crack  in  the  hardemng  since  he  had  used 
this  method,  though  it  was  a  very  cominoii  accident  be- 
fore. 

One  of  the  greatest  difficulties  in  hardening  stcd  vrorfcs 
of  any  considtTable  extent,  more  especially  such  iirlicksas 
are  formed  of  Uiin  plates,  or  IilIVc  a  variety  of  parts  of  dif- 
ierent  sizes,  consists  in  the  apparent  imptacticiibilrty  of 
heating  the  thicker  parts,  before  die  slighter  arc  burtied 
away  ;  besides  which,  even  for  a  piece  of  unifona  figure, 
it  is  no  easy  matter  to  make  up  a  fire  which  shall  gi»-e  a 
speedy  heat,  and  be  nearly  of  the  same  intensity  tlirough- 
out.  This  difficulty  formed  a  very  considerable  impedi- 
ment to  my  success  in  a  course  of  delicate  steel  u-ork,  in 
which  I  was  engaged  about  seven  years  ago ;  but  sjw 
various  unsuccessful  experiments,  I  succeeded  in  renwv. 
ing  it  by  the  use  of  a  batli  of  melted  lead,  which  for  voy 
justifiable  reasons  has  been  kept  a  secret  till  now.  Pim 
lead,  Uiat  is  to  say,  lead  containing  Uttle  or  no  tin,  is  igni- 
ted to  a  moderate  redness,  and  then  well  stirred.  Inio 
this  the  piece  b  plunged  for  a  few  seconds  ;  that  is  to 
say,  until  when  brought  near  the  surfiice  that  part  does 
not  appear  less  luminous  tlian  the  rest.  Tlie  piece  a 
then  speedily  stirred  about  in  the  batli,  suddenly  drawn 
out  and  plunged  Into  a  large  mass  of  ^-ater.     In  this  man- 
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ner  a  plate  of  sted  may  be  hardened  so  as  to  be  perfectly 
britde,  and  yet  continue  so  sound  as  to  ring  like  a  bell  t 
an  eflfect  which  I  never  could  produce  in  any  other  way* 
Mr.  Stodart  has  lately  made  trial  of  this  method,  and  con« 
siders  it  to  be  a  great  acquisition  to  the  art,  as  in  fact  I 
found  it 

The  letting  down,  or  tempering  of  hard  steel,  is  consider- 
ed as  absolutely  necessary  fcH*  the  production  of  a  fine  and 
durable  edge.     It  has  been  usual  to  do  this  by  heating  the 
hardened  steel,  till  its  bright  surface  exhibits  some  known 
colour  by  oxidation.    The  first  colour  b  a  very  faint 
straw  colour,  becoming  deeper  and  deeper  by  increase  of 
heat,  to  a  fine  deep  golden  yellow,  which  changes  irregu- 
larly to  purple,  then  to  an  uniform  blue,  succeeded  by 
white  and  several  successive  fdnt  repetitions  of  these  se^ 
ries.     It  is  well  known,  that  the  hardest  state  of  tempered 
instruments,  such  as  razors  and  surgeons  instruments,  is 
indicated  by  this  straw  colour ;  that  a  deeper  colour  is  re* 
quired  for  leather  cutter's  knives,  and  other  tools  that  re- 
quire the  edge  to  l)e  turned  o.i  one  side ;   that  the  blue 
which  indicates  a  good  temper  for  springs,  is  almost  too 
soft  for  any  cutting  instrument  except  saws,  and  such 
tools  as  are  sharpened  with  a  file ;  and  that  the  lower  states 
of  hardness  arc  not  at  all  adapted  to  this  use.    But  it  is 
of  considerable  importance,  that  the  letting  down  or  tem« 
pering,  as  well  as  the  hardening,  should  be  effected  by 
heat  equally  applied,  and  that  the  temperatures,  especial- 
ly at  the  lower  heats,  where  greater  hardness  is  to  be  left, 
should  be  mom  precisely  ascertained  than  can  be  done  by 
the  different  shades  of  oxidation.  Mr.  Hartley  first  practis- 
ed the  metliod  of  immersing  hard  steel  in  heated  oil,  or  the 
fusible  compound  of  lead  five  parts,  tin  three,  and  bis- 
muth eight-     Tlie  temperature  of  either  of  these  fluids 
may  be  ascertained  in  the  usual  manner,  when  it  does  not 
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exceed  tlic  point  at  which  mercury  boils :  and  by  this  ccm- 
trivance  the  same  advantages  are  obtained  in  lowering  the 
temperature  of  an  whole-  instrument,  cm-  any  number  of 
them  at  once,  as  have  already  been  stated  in  favour  of  mf 
method  of  hardening.  Oil  is  preferable  to  the  fusible 
mixture  for  several  reasons.  It  is  cheaper  ;  it  admits  of 
the  ^vork  being  seen  during  the  immersion  by  reason  of 
its  transparency  ;  and  tliere  is  no  occasion  for  any  contri- 
vance to  prevent  the  work  from  floating. 

I  requested  Mr.  Stodart  to  favour  me  with  an  account 
of  the  tcm|3eratures  at  which  the  several  colours  make  their 
appearance  upon  hardened  steel;  in  compliance  with 
wliichy  he  made  a  series  of  experiments  upon  siu^eons  nee- 
dles hardened,  highly  polislied,  and  exposed  to  a  graduad 
heat  while  floating  at  the  surface  of  the  fusible  mixture. 
The  appearances  are  as  follow : 

No.  1.  taken  out  at  430^  of  Fahrenheit.  This  tempe- 
rature leaves  the  steel  hi  the  most  excellent  state  fir  razors 
and  scalpals.  The  tarnish,  or  faint  yellowish  tinge  it«pro- 
duces,  is  too  evanescent  to  be  observed  without  compari- 
son with  another  piece  of  polished  steel.  Instruments  in 
this  state  retain  their  edge  much  longer  than  those  upon 
which  the  actual  straw  colour  has  been  brought,  as  is  the- 
common  practice.  Mr.  S.  informs  me,  that  430*^  is  the 
lowest  temperature  for  letting  down,  and  tliat  the  lower  de- 
grees will  not  afford  a  firm  edge. 

No.  2  at  440^,  and  3  at  450^.  These  needles  differ 
so  little  in  their  appearance  from  No.  I,  that  it  is  noteasj* 
to  arrange  them  with  certainty  when  misplaced. 

No.  4  has  the  evident  tinge  which  workmen  call  pafc 
straw  colour.  It  was  taken  out  at  460^,  and  has  the  usual 
temper  of  penknives,  razors,  and  other  fine  edge  tools.  It  is 
much  softer  than  No.  1,  as  Mr.  Stodart  assures  me,  and 
this  diflference  exhibits  a  valuable  proof  of  the  ad\"antagcs 
oi  this  method  of  tempering. 
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Nos.  5,  6,  7  and  8,  exhibit  successive  deeper  shades  of 
•colour,  having  been  resix^ctively  tiken  out  at  the  tempera- 
tures 470^,  480^,  490,0  and  500^-  The  last  is  of  a  bright 
brownish  metallic  yellow,  very  slightly  inclining  to  pur- 
pie. 

No.  9  obtained  an  uniform  deep  blue  at  the  temperature 
of  580^-  The  intermediate  shades  produced  on  steel  by 
heats  between  500  ^  and  580  *  are  yellow,  brown,  red,  and 
purple,  which  arc  e:vhibited  irreguhu'ly  on  different  parts 
of  the  surface.  As  I  had  before  seen  this  irreguhirity, 
particularly  on  the  surface  of  a  razor  of  Wootz,  and  ht\d 
foimd  in  my  own  experience,  that  the  colours  on  diffei'ent 
kinds  of  steel  do  not  correspond  widi  like  degrees  of  tem- 
per, and  probably  of  temperature  in  their  production,  I 
was  desirous  that  some  exixriments  might  be  made  upon 
it  by  the  same  skilful  artist.  Four  beautifully  polished 
blades  were  therefore  exposed  to  heat  on  tlie  fusiNe  metal. 
The  first  was  taken  up  when  it  had  arquired  the  fine  yel- 
low, or  uniform  deep  straw  colour.  The  second  remain- 
ed  on  the  mixture  till  the  part  nearest  tlie  stem  had  be- 
come purpleish,  at  wluch  period  a  number  of  smiJl  round 
spots  of  a  purpleish  colour  appeared  in  the  clear  yellow  of 
the  blade.  The  third  was  left  till  the  thicker  parts  of  the 
blade  were  of  a  deep  ruddy  purple,  but  the  concave  facf^ 
still  continued  yellow.  This  also  acquired  spots  like  the 
other,  and  a  slight  cloudiness.  These  three  blades  were 
of  cast  steel;  the  fourth,  which  was  made  out  of  a  piece 
called  Styrian  steel,  was  left  upon  the  mixture  till  the  red 
tinge  had  jx^rv'aded  almost  tlie  whole  of  its  concave 
face.  Two  or  three  spots  appeared  upon  this  bhde,  but 
tile  greater  part  of  its  surface  was  variegated  with  blue 
clouds,  disposed  in  such  a  manner  as  to  produce  those 
ivavmg  lines  wliich  in  Damascus  steel  are  called  the  ^vater. 
Two  results  are  more  immediately  suggested  by  these 
iacts ;  first,  that  tlie  irregular  production  of  deep  colour 


424 


Cast  Steel. 


upon  thcsuriHce  of  brightened  steel,  may  serve 
the  want  of  uniformit)-  in  its  composition,  as  w 
method  by  an  acid  which  has  btfore  been  ex 
tliis  work !  and  second,  that  Uic  deep  colour  being  obstr- 
\'ed  to  come  on  first  at  the  thickest  parts,  Mr.  Stodait  »tb 
disposed  to  think,  that  its  more  spetdy  appearance  wm 
owing  to  those  parts  not  having  been  hardened.  But  upon 
trial  with  a  plate  of  steel  made  quite  hard  at  one  end,  and 
left  soft  at  the  other,  I  found  that  heat  applied  in  the  mid- 
dle produced  the  R-gular  cliangesat  both  ends  prectsdj  m 
the  same  maniwr.  1  suppose,  therefore,  that  the  thiciff 
parts  sinking  deeper  into  the  hot  metal,  ejcperknctd  3 
stronger  re-action  and  better  contact,  which  may  have  ac- 
celerated the  communication  of  heat.  It  may  be  hot  no- 
ticed, that  we  found  upon  repeating  the  experiment  of 
applying  nitrous  acid  to  bright  steel,  w  hich  was  hardened 
in  part  only,  the  black  tinge  appeared  more  speedily  and 
strongly  upon  the  hard  parts,  than  tlie  rest  of  the  surfece  : 
a  remarkable  event,  for  the  expkination  of  which  I  have 
no  theory  to  offer. 

Let  us  now  suppose  our  cutting  instrument  to  be  fix- 
ged,  hardened,  and  let  down  or  tempeivd.  It  remains  to 
be  ground,  polished,  and  set.  The  grinding  of  fine  cut. 
lery  is  perfomitd  upon  a  grindstone  of  a  fine  close  gril, 
called  a  Bilson  grindstone,  and  sold  at  the  tool  fJiops  in 
London  at  a  moderdte  price.  The  cuUers  use  waor,  and 
do  not  seem  to  know  any  thing  of  tlie  method  bv  tallow. 
The  face  of  the  work  is  rendered  fintr  by  subsnjucnt 
grinding  upon  mahoganj-  cj  linders,  mfh  emerj-  of  difitr. 
ent  fineness,  or  upon  cylinders  faced  with  hard  pew-ier,ca8- 
ed  laps,  w  hich  are  pref£T..ble  to  tliose  with  a  wooden  face. 
The  last  polish  is  given  upon  a  cylinder  faced  with  buff 
leather,  to  which  crocus,  or  tlic  red  oxide  of  iron  is  anpli. 
cd  with  ^\'atcr.  This  last  operation  is  attended  with  cnn- 
siderable  danger  of  heating  the  work,  and  almost 
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\j  reducing  its  temper  along  the  thin  edge,  which  at  the 
same  time  acquires  the  colours  of  oxidation. 

The  setting  now  remains  to  be  performed^  which  is  a 
work  of  much  delicacy  and  skill :  so  much  so  indeed, 
that  Mr.  Stodart  assures  me,  he  cannot  produce  the  most 
exquisite  and  perfect  edge  if  interrupted  by  conversa* 
tion,  or  even  by  noises  in  the  street.  The  tool  is  first 
whetted  upon  a  hone  with  oil,  by  rubbing  it  backwards 
and  forwards.  In  all  the  processes  of  grinding  or  wear- 
ing down  the  edge,  but  more  es])ecially  in  the  setting,  the 
artist  appears  to  prefer  that  stroke  which  leads  the  edge 
according  to  the  action  of  cutting,  instead  of  making  the 
back  run  first  alcxig  the  stone.  This  proceeding  is  very 
judicious ;  for  if  there  be  any  lump  or  piuticle  of  stone,  or 
other  substance  lying  upon  the  face  of  the  grinder,  and 
the  back  of  the  tool  be  first  run  over  it,  it  will  proceed  be- 
neath the  edge,  and  lift  it  up,  at  the  same  time  producing 
a  notch.  But  on  tlie  other  hand,  if  the  edge  be  made  to 
move  foremost,  and  meet  such  a  particle,  it  will  slide  be- 
neath it  and  suffer  no  injury.  Another  condition  in  whet- 
ting is,  that  the  hand  should  not  bear  heavy  :  because  it 
18  evident,  that  the  same  stone  must  produce  a  more  uni 
fcrm  edge  if  the  steel  be  worn  away  by  many,  than  by  few 
strokes.  It  is  aliso  of  essential  importance,  that  the  hone  it- 
self should  be  of  a  fme  texture,  or  that  its  siliceous  parti- 
cles should  be  very  minute.  Mr.  Stodart  informs  me 
that  there  are  no  certain  criterions  by  which  an  excellent 
hone  can  be  distinguished  from  one  of  ordinary  value,  ex- 
cepting those  derived  from  the  actual  use  of  both  :  that 
the  Turkey  stone  cuts  &st,  but  is  never  Ibund  with  a 
very  fine  grit :  that  the  yellow  hone  is  most  generally  use- 
ful, and  that  any  stone  of  this  kind  requires  to  be  soaked 
in  oil,  and  kept  wet  with  that  fluid,  or  otherwise  its  effects 
will  be  the  same  as  that  of  a  coarser  stone  under  the  better 
treatment:  and  lastly,  that  there  is  a  green  bone  found  in 
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the  old  pavement  of  the  streets  of  London,  which  is  the 
best  material  yet  known  fcx"  finishing  a  fine  edge. 

The  gi'indstone  leaves  a  ra^ed  edge,  which  it  is  the 
first  effect  of  whetting  to  reduce  so  thin,  that  it  may  be 
bended  backwards  and  fonvards.  lliis  flexible  part  is 
CLilled  the  wire,  and  if  the  whetting  were  to  be  continued 
too  long,  it  would  brcak  ofi^  in  pieces  without  n^larih', 
leaving  a  finer,  thougli  btill  very  imperfect  edge,  and  tend- 
ing to  produce  accidents  while  lying  on  the  fece  of  the 
stone.  Tlie  wii'e  is  taken  off  by  raising  the  fece  of  the 
knife  to  an  angle  of  abut  50  degrees  with  the  sur&ce  of  the 
stone,  and  gi^'ing  a  light  stroke  edge  foremost  alternately 
to\>ards  each  end  of  the  stone.  These  strokes  produce 
an  edge,  the  faces  of  which  are  inclined  to  each  other  in  an 
angle  of  about  100  degrees,  and  to  which  the  wire  is  so 
slightly  adherent,  that  it  may  often  be  taken  away  entire, 
and  is  easily  removed,  by  lightly  drawing  the  edge  along 
the  finger  nail.  The  edge  thus  cleared  is  generally  very 
even  :  but  it  is  too  thick,  and  must  again  be  reduced  by 
whetting.  A  finer  wire  is  by  this  means  produced,  which 
will  require  to  be  again  taken  off,  if  for  want  of  judg- 
ment, or  delicacy  of  hand,  the  artist  shoidd  have  carried 
it  too  far.  But  %ve  will  suppose  the  obtuse  edge  to  be 
ver}'  even,  and  the  second  wire  to  be  scarcely  perceptible. 
In  this  case  the  last  edge  will  be  very  acute,  but  neither 
so  even  nor  so  strong  as  to  be  durably  usefuL 

The  finish  is  given  by  two  or  more  alternate  light 
strokes  with  the  edge  slanting  foremost,  and  tlie  blade  of 
the  knife  raised,  so  that  its  pkme  forms  an  angle  of  about 
28  degrees- with  the  face  of  the  stone.  This  is  tlie  angle 
\\  hich  by  careful  observation  and  measurement,  I  find  Mr. 
tStodart  habitually  uses  for  the  finest  surgeons  instruments, 
and  which  he  considers  as  the  best  for  razors,  and  other 
k(tcx\  cutting  tools.  The  angle  of  edge  is  therefore  about 
56  degrees. 
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The  excdlence  and  uniformity  of  a  fine  edge  may  be 
ascertained,  by  its  mode  of  operation  when  lightly  drawn 
along  the  smiace  of  the  skin,  or  leather,  or  any  oi^anized 
soft  substance.  Lancets  are  tried  by  suffering  the  point 
to  drop  gently  through  a  piece  of  thin  soft  leather.  If 
the  edge  be  exquisite,  it  will  not  only  pass  with  £iciiity, 
but  there  will  not  be  the  least  noise  produced,  any  more 
than  if  it  had  dropped  into  water.  This  kind  of  edge  can- 
not be  produced,  but  by  performing  the  last  t^vo  or  more 
strokes  on  the  green  hone. 

The  operation  of  strapping  is  similar  to  that  of  grinding 
or  whetting,  and  is  perfcNuied  by  means  of  the  angular  par- 
ticles of  fine  crocus,  or  other  material  bedded  in  the  &ce  of 
the  strap.  It  requires  less  skill  than  the  operation  of  set- 
ting, and  is  very  apt,  frcxn  the  elasticity  of  the  strap  to 
enlarge  the  angle  of  the  edge,  or  round  it  too  much. 

Ijetter  on  the  Properties  of  tempered  Steel. 

To  Mr.  NICHOLSON. 

SIR, 

In  one  of  your  Journals,  I  do  not  recollect  which,  you 
signified  your  intention  of  giving  in  a  future  number, 
some  ideas  upon  certain  singular  properties  of  tempered 
steel.  A  number  of  unexplained  facts  have  for  some 
time  been  kno\vn  to  tlie  workers  of  steel-plate.  As  I  am 
concerned  in  a  manufactory  of  llie  kind,  and  in  the  daily 
habit  of  witnessing  those  curious  and  anomalous  appear- 
ances, I  thought  you  might  iu  sonic  measure  profit  by  the 
following  description  of  the  changes  which  take  place  in 
the  various  processes  of  hardening,  tempering,  hammer- 
ing, burnishing,  &c. 

I  took  a  steel-plate  SO  inches  long,  12  broad,  and  about 
,04  thick  ;  I  hardened  it  in  a  composition  of  oil  and  tal- 
low, and  afterwards  tempered  it  down  to  a  spring  temper ; 
it  was  now  so  ekist  v  •  tis  to  recover  its  position  after  being 
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bended ;  by  hammcTing  it  to  set  h  stnught,  it  lost  a  part 
of  its  elasticity  ;  after  being  ground  in  the  same  raannci 
as  a  saw,  the  elasticity,  beciune  still  less,  liaving  ni-arly  it- 
turned  to  the  same  state  as  before  hardened  ;  h  was  tfacn 
very  uniformly  heated  till  it  became  blue,  it  now  recorotd 
the  wholeof  itselasticity  ;  after  being  glazed  bright  upon 
glazier  coated  with  emery,  the  elasticitj-  was  found  to  be 
impaired,  but  in  a  less  degree  than  when  it  was  ground; 
the  same  ef&ct  was  also  produced  by  rubbii^  with  emei^ 
or  sand-paper,  and  also  by  burnishing ;  invambJy  tbc 
elasticity  was  recovered  by  bluing,  and  hence  this  is  al- 
ways the  last  operation  in  themanufactorj-of  dasticslcel* 
plate.  Should  you  at  some  future  opportunity  (avowthe 
public  witli  your  opinion  on  this  subject,  and  these  Ink 
have  in  the  least  assisted  youi-  inquiry,  it  will  be  llieub 
most  wish  of 

Your  humble  and  obedimtservBitf, 
Sheffield,  T.B, 

June  18,  1806. 

On  the  Choice  of  Steel,  and  the  Metfiods  of  hardenh^ 
and  tempering  it. 

For  ordinary  piiqxjses,  the  method  noticed  bv  Mr. 
Collier  in  his  paper  on  iron  and  steel,  will  answer  nrj' 
well,  both  for  hardening  and  tempering ;  but  in  many  ca- 
ses it  is  necessary  that  the  steel  should  be  of  the  best  qua- 
lity, and  be  both  hardentxl  and  tempered  in  such  a  man- 
ner as  to  preserve  the  greatest  hardness  possible  ^vithot" 
britdeness ;  and  steel  is  of  more  or  less  value  in  pn^tf- 
tion  as  it  possesses  this  property  in  a  greater  cr  kss  iefftt. 

Steel,  when  soft,  can  be  wrought  into  almost  any  fcm 
as  well  as  iron,  weldingexcepted,bf  which  the  better  sfllB, 
particularly  cast  steel,  are  incapable.  It  can  be  fofgodi 
filed,  turned  in  a  lathe,  drawn  into  wire,  rolled  into  bige 
plates.  Sec.  &c.  and.  when  by  diese  means  brought  into 
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the  desired  form,  it  can  then  be  made  so  hard  as  to  be  ca- 
pable of  cutting  the  hardest  substances  (the  precious 
stones  excepted),  while  at  the  same  time  it  is  almost  proof 
against  being  itself  worn  by  friction :  but  in  this  state  it 
is  brittle^  like  all  other  hard  substances,  and  for  manjr 
purposes  must  have  this  brittleness  lessened,  and  this  is 
what  is  termed  by  workmen,  tempering,  and  consists  in 
giving  it  certain  degrees  of  heat  according  to  the  temper 
desired,  which  may  be  produced  in  any  degree  until  the 
whole  effect  of  hardening  is  destroyed,  and  the  steel  is  re- 
duced to  its  soft  state.  On  each  of  these  operations  I 
'  shall  offer  a  few  remarks,  proved  by  long  experience ; 
-and,  first,  on  the  choice  of  steel  for  such  purposes  as  re- 
,  quire  the  best  that  can  be  procured  for  making  cutting  in- 
struments, such  as  gravers,  punches,  turning  tools,  chisels. 
Sec.  &c.  to  be  employed  in  turning  or  cutting  tempered 
steel,  and  substances  that  are  too  hard  to  be  cut  by  tools 
made  of  ordinary  steel :  for  these  purposes  cast  steel  is 
undoubtedly  the  best ;  but  even  this  sort  differs  in  quali- 
t>'. 

The  general  mode  of  choosing  such  as  is  most  suitable 
for  the  above  purposes  is  to  break  a  bar,  and  observe  its 
fracture,  and  to  select  the  closest  grained ;  but  this  mode 
is  not  always  certain,  owing  to  the  difference  made  in  the 
firacture  by  the  steel  being  hammered  under  a  greater  or 
less  degree  of  lieat,  steel  being  much  improved  by  being 
hammered  under  a  low  heat,  and  even  when  cold ;  and 
when  overheated,  being  quite  spoiled  for  the  above  pur- 
pose. It  is  owing  to  this  circumstance  that  the  best  sorts 
of  cast  steel  are  incapable  of  being  welded  as  above  men- 
tioned. Another  method  is,  to  harden  with  as  low  a  heat 
as  possible  a  piece  of  steel,  and  then  to  break  it,  and  ob- 
serve its  firacture :  but  this  is  not  wholly  to  be  depended 
upon ;  for  some  steel  breaks  with  a  very  close  grain,  and 
yet  is  not  of  a  good  qualit}%    But  the  surest  method  is  to 
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have  one  end  of  a  bar  dra^vn  out  into  a  small  rod  uoqI^F 
low  heat,  aii  obscure  red  for  instance,  or  but  little  abow ; 
then  heut  it  as  before,  and  suddenly  plunge  it  into  pure 
roUI  water :  if  it  proves  hard,  and  requires  a  great  force 
to  brciik  it,  it  is  good,  let  its  fracture  be  what  it  puy :  and 
I  have  always  found  that  the  specimens  that  haideoed 
widi  the  lowest  heat,  and  when  in  that  state  required  the 
greatest  force  to  bn.\ik  them,  proved  the  best  steel.  Hav- 
ing dius  ickctcd  steel  fit  for  the  required  use,  and,  wilh 
the  jjrecautions  itla;.dj'  noticed,  gi^'en  it  ijie  proper  fonti, 
it  may  be  hardened  ;  but  the  same  method  will  mtf  an- 
swer for  all  piu^oses.  Some  pieces,  from  tbdr  size  and 
figure,  are  verj'  difficult  to  be  hardened;  if  thej"  are  brge, 
they  heut  the  water  lu  immediate  contact  with  diem,  and 
tht'  heat  is  communicated  to  die  rest  of  the  water,  so  faijt 
tliat  it  prevents  the  pieces  from  being  cooled  quick  enough 
to  produce  the  desired  effuct :  this  is  in  part  prevented  by 
conunually  moving  the  piece  about  in  the  waiter ;  but 
when  too  large.'  to  be  hardened  by  this  method>  a  stream  of 
water  must  be  employed ;  and  for  such  pieces  as  the  Face 
of  lai^  anvils,  a  birch  broom  is  used  with  advant^  to 
break  the  bubbles  that  are  formed  bj  the  continual  dfsen- 
i^agement  of  air,  and  which,  if  not  swept  away,  wouM 
prevent  that  intimate  contact  and  uniform  succesbioo  of 
the  stream  necessary  to  produce  the  degree  of  haidncbs 
required.  Other  articles  from  their  length,  are  difficult, 
and  almost  impossible  to  be  made  hard  without  bcnding> 
or  otherwise  altering  their  figure  :  this  circum&tance  oc- 
casions a  great  deal  of  trouble  ;  and  many  a  piece  of  work 
is  spoiled,  after  a  good  deal  of  labour  has  been  bestowed 
upon  it.  The  method  that  has  succeeded  best  *viih  me 
is,  either  to  inclose  the  piece  or  pieces  intended  to  be 
hardened  in  an  iron  case  or  box,  open  at  one  end  (for  the 
more  ready  dropping  the  pieces  into  the  water), 
ing  it  a  slow  yet  regular  heat ;  then  to  take  the 
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of  the  fire,  and  drop  the  pieces  into  the  water  in  such 
manner  as  will  allow  them  to  come  as  little  as  possible  iti 
contact  with  the  air.  This  method  answers  two  good 
purposes  at  Once,  causing  the  heat  to  be  more  equally  ap- 
plied, and  preventing  the  contact  of  the  air,,  and  of  course 
any  scaling ;  and  when  the  work  has  been  polished  and 
well  defended  irom  the  air,  it  comes  out  nearly  as  clean  as 
it  was  before.  When  the  greatest  possible  hardness  is 
required,  it  may  be  obtained  by  using  quicksilver  instead 
of  water ;  but  this  can  only*  be  employed  for  small  arti* 
cles.  For  some  purposes  steel  is  ttquired  to  have  a  su« 
perior  degree  of  hardness  given  to  its  surface,  such  as  in 
the  case  of  files,  Sec.  This  is  obtained  by  using  a  coarse 
powder  made  of  leather  slightly  burned,  hair  or  hom^ 
either  in  raspings  or  in  powder ;  this  is  mixed  with  a 
litde  common  salt,  and  the  files  when  just  red  hot,  are 
dirust  into  a  heap  of  this  powder,  some  of  which  adhering 
to  their  sur£ice  is  carried  into  the  fire  with  them,  and  gives 
them  a  case  hardening:  the  salt  flu >;es upon  their  surface, 
and  defends  them  from  the  air  while  passing  from  the 
fire  into  the  trough  of  water,  into  which  they  are  plunged 
to  harden.  The  woricmen  say^  the  longer  this  water  is 
used  for  this  purpose  the  better. 

We  are  now  come  to  the  last  process  called  tempering, 
for  one  method  of  which  see  Mr.  CoUier'is  paper ;  but 
that  method  cannot  be  conveniently  applied  in  all  cases, 
and  has  several  disadvantages,  some  of  which  I  shall 
mention.  First,  each  piece  must  be  made  bright  that  the 
change  of  colour  may  be  better  seen,  and  must  be  heated 
^gly  or  nearly  so ;  and  pieces  of  irregular  figure  can. 
not  be  made  to  receive  an  equal  degree  of  heat  in  all  their 
parts,  so  that  some  will  be  softer  than  others.  These 
circumstances  would  retard  the  manufactory  of  many  ar- 
tides  very  much,  and  prevent  their  being  affiirded  at  the 
present  prices,  such  as  the  springs  of  gun  locks,  door 
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locks,  various  articles  in  dock  and  watch- woric,  &cc.  &c. 
The  necessity  of  making  them  bright  enough  to  marii  the 
change  of  colour  is  obviated  by  smearing  them  with  oil 
or  tallow,  which  helps  to  apply  the  heat  more  uniformly, 
and  marks  the  temper  as  well  as  by  observing  the  colour,  or 
nearly  so ;  or  by  putting  the  things  to  be  tempered  into  a 
proper  vessel,  and  adding  so  much  oil  or  tallow  as  wiB 
cover  them,  and  then  holding  them  over  the  fire  or  tli& 
flame  of  a  lamp  until  a  sufficient  heat  is  given.  By  diisr 
means  the  most  irregular  pieces  may  be  unifcxtnly  heated, 
and  great  numbers  |^y  be  done  at  one  time,  and  wnb 
great  certainty :  thus  are  clock  and  watch  pinions,  watch 
verges,  balances,  &c.  tempered ;  sometimes  many  do- 
zens at  once ;  and  no  more  time  is  necessary  for  the  whole 
than  would  be  {ac  one  smgle  article.  The  requisite  tem- 
per may  be  known  by  the  following  circumstances: 
When  such  a  heat  is  given  that  the  tallow  is  first  observed 
to  smoke,  it  indicates  the  same  temper  as  that  called  a 
straw  colour :  this  will  reduce  the  hardness  but  little ; 
but  if  the  heat  b  continued  until  the  smoke  becomes 
more  abundant,  and  of  a  darker  colour,  it  will  be  equal 
to  a  brown,  and  indicates  a  temper  that  may  be  wrought — 
4hat  is,  which  may  be  turned  or  filed,  but  with  difficult}', 
and  only  when  a  mild  sort  of  steel  is  employed.  If  the 
tallow  be  heated  so  as  to  yield  a  black  smoke,  and  still 
more  abundant,  thb  will  denote  a  purple  temper ;  and  if 
the  steel  is  good,  it  will  now  work  more  pleasantly, 
though  still  hard  enough  to  wear  well  in  machinery.  The 
next  degree  may  be  known  by  the  tallow  taking  fire  if  a 
lighted  body  is  presented  to  it,  but  yet  not  so  hot  as 
to  continue  to  bum  when  the  light  is  withdrawn ;  this 
would  equal  a  full  blue  colour.  Increase  the  heat  till  the 
tallow  continue  to  bum,  being  once  lighted,  and  this  will 
denote  a  pule  blue :  and  if  die  whole  of  the  tallow  be  al- 
lowed  to  bum  away,  or  to  bum  dry,  as  the  workman  call 
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it,  it  gives  what  clock-makers  mostly  use  for  their  work. 
Farther  tallow  is  useless;  a  small  degree  of  heat  more 
would  just  be  seen  in  a  dark  place,  or  the  lowest  degree 
of  a  red  heat :  such  is  the  temper  given  to  tlje  springs 
for  coaches,  &c.  Thus  I  have  given  a  reason  why  oil  or 
tallow  is  made  use  of,  and  given  you  the  parallel  degrees 
of  temper  which  by  a  dry  heat  are  observed  by  the  change 
of  colour  only.  The  method  of  hardening  in  quicksil- 
ver isol  great  use'where  a  superior  jegree  of  hardness  is  re- 
quired ;  and  good  steel  so  hardened,  when  the  precautions 
beicre  mentioned  are  duly  attended  to,  will  cut  glass  like 
a  diamond,  and  turn  or  cut  odier  steel  at  so  high  a  temper 
as  to  differ  but  little  from  quite  hard. — Perhaps  at  a  future 
time  I  may  give  you  a  method  by  which  this  hardest  of 
steel  may  also  be  worked  with  considerable  ease,  and  the 
cases  in  which  I  have  applied  it  to  advantage. 

As  steel  is  always  found  more  compact  and  strong 
bodied  when  hardened  with  a  low  heat,  and  as  that  effect  is 
best  obtained  the  colder  the  water  is  which  is  employed 
hardening  it,  provided  the  water  is  clean,  (a  circumstance 
wluch  should  always  be  attended  to,) — it  appeared  proba- 
ble, that  if  water  was  cooled  down  to  the  freezing  point, 
or  even  lower,  which  it  may  be,  and  retain  its  fluidity  by 
being  kept  in  a  state  of  perfect  rest,  the  effect  might  be 
heightened.  I  caused  a  large  heap  of  snow  to  be  collected 
together  at  a  time  when  the  thermometer  stood  at  22®  of 
Fahrenheit,  and  making  a  deep  hollow  in  the  middle,  I  set  a 
glass  of  clean  water  in  the  bottom  of  the  hollow,  and  co- 
vered the  whole  with  a  board  to  prevent  the  air  from  db- 
turbing  or  causing  any  motion  in  the  water.  I  heated 
some  pieces  of  steel  in  the  breech  end  of  a  gun  barrel  to 
a  low  red  heat ;  and  by  means  of  an  as^tant  to  take  off 
the  board  at  the  instant  I  arrived  with  the  heated  barrel 
and  its  contents,  I  quickly  dropped  the  pieces  into  the 
water ;  wUchhaYing  stood  all  the  preceding  night  in  the 
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situation  above  described,  must,  though  still  fluid,  havt 
been  cooled  down  to  the  temperature  of  the  surroundb^ 
snow,  which  was  still  found  to  be  22  .  Upon  taking 
them  out,  I  found  the  pieces  hard  but  brittle,  havii^  the 
appearance  of  steel  that  had  been  overheated. 

Being  dbappointed  in  -what  I  hid  expected,  I  in- 
tended to  repeat  the  experiment  with  a  still  lower  fatat; 
but  an  alteration  in  the  state  of  the  air  prevented  me 
fix)m  prosecuting  the  experiment  at  that  time,  and  huving 
since  succeeded  in  making  use  of  quicksilver  instead  of 
%vater,  I  have  never  resumed  the  experiment  As  me- 
thods are  uov:  \vell  known  by  which  water  may  be  cooled 
below  the  freezing  point,  even  by  the  fire  side,  and  at  an 
easy  expense,  some  one  who  has  time  may  perhaps  think 
the  experiment  worth  repeating :  it  might  cast  some  light 
upon  the  subject  of  liardening  steel,  and  lead  to  some 
useful  results 

The  dish  I  employ  for  tempering  is  made  of  plate-iron, 
\vith  an  edge  turned  up  on  every  side  a  sufficient  heig^ 
to  hold  tallow  ot  oil  enough  to  cover  the  pieces  to  be  tem- 
pered. The  comers  are  nipped  together,  and  then 
folded  up  against  the  sides ;  by  which  means  they  are 
prevented  from  letting  out  the  oil. 

Another  turned  up  on  three  sides  only,  is  used  to  by 
pieces  intended  to  be  hardened :  a  cover  is  of  advantage 
where  the  pieces  are  intended  to  come  out  clean  and  bright, 
as  it  more  perfectiy  defends  tiiem  fit)m  the  air,  and  rf 
course  prevents  oxidation  from  taking  place:  By  this 
instrument,  the  work,  tliough  ever  so  small  or  slender, 
may  be  brought  out  of  the  fire  and  dropped  into  the  wa- 
ter with  very  little  loss  of  heat  It  ought  to  be  made  of 
stronger  plate-iron  than  is  necessary  for  the  other  pan, 
and  the  comers  cut  out  so  that  the  sides  may  bend  up 
more  square.  They  need  not  be  folded  as  in  the  other,  not 
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being  intended  to  hold  any  liquid  substance.  Such  ar- 
ticles as  small  drills,  pendulum  and  other  small  springs, 
need  not  be  dropped  into  water,  but  only  made  to  pass 
through  the  air  by  tossing  them  out  and  letting  them  M 
to  the  ground,  which  wiU  make  them  hard  enough  for 
most  purposes. 

SmaU  drills  may  be  hardened  by  holding  their  points 
in  the  flame  of  a  candle,  and,  when  sufficiendy  hot,  sud* 
denly  plucking  them  out :  the  air  will  harden  them ;  and 
they  may  then  be  tempered,  by  taking  a  litde  of  the  tal- 
low upon  their  point,  and  then  passing  them  through  the 
flame  at  about  half  an  inch  above  the  point,  and  holding 
them  there  till  the  tallow  begins  to  smoke.  Thb  method, 
known  to  all  watchmakers,  may  be  of  use  to  other  artists, 
and  therefore  not  unworthy  of  the  notice  I  have  taken 
•fit.     S.  Varlcy,  2  PhiL  Mag. 

Properties,  qf  Uued  Steel  not  generally  known, 

IN  making  springs  of  steel  the  metal  is  drawn  or  ham- 
mered out  and  fashioned  to  the  desired  figure.  It  is  then 
hardened  by  ignition  to  a  low  red  heat  and  plunging  it  in 
■water,  which  renders  it  quite  brittle.  And  lastly,  it  is  tern- 
pered  either  by  blazing  or  bluing.  The  operation  of  bL;z- 
ing,  consists  in  sme;iring  the  article  with  oil  or  fat,  and  then 
heating  it  till  thick'  vapours  arc  emitted  and  burn  off  with 
a  blaze.  I  suppose  lliis  temperature  to  be  nearly  the  same 
as  that  of  boiling  mercury,  which  is  generally  reckoned 
to  be  at  the  600  of  Falirenheit,  though  for  reasons  I  shall 
in  future  mention,  I  think  this  point  requires  to  be  exam- 
ined. The  operation  of  bluing  consbts  in  first  bright- 
ening  the  surface  of  the  sted,  and  then  exposing  it  to 
the  regulated  heat  of  a  pbte  of  metal  or  a  charcoal  fire, 
or  the  flame  of  a  lamp  until  the  surface  acquires  a  blue 
colour  by  oxidation.  The  remarkable  facts  which  I  have 
here  to  present  to  the  notice  of  philosophers,  are,  that  Mr. 
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Stodart  assures  me  that  he  has  found  the  sprai%  or  das- 
ticity  of  the  steel  to  be  greatly  imp^red  by  taking  off  the 
blue  with  sand  paper  or  otherwise ;  and,  what  is  still  mot 
striking,  that  it  may  be  restored  again  by  the  bluing  pro- 
cess without  any  previous  hardening  or  other  aA&dooal 
treatment. 

Mr.  Hardy,  who  is  meritoriously  known  as  a  skilful 
artist,  assured  me  some  time  ago  that  the  saw-^makers 
first  harden  their  plates  in  die  usual  manner,  in  which 
state  they  are  more  or  less  contorted  or  warped,  and  ait 
brittle ; — ^that  they  then  blaze  them ;  which  process  de- 
prives them  of  all  springiness,,  so  that  they  may  be  bend- 
ed  and  liammered  quite  flat,  which  b  a  delicate  part  of  the 
art  of  saw  making ; — and  that  they  blue  them  on  an  hot 
iron  which  renders  them  stiff  and  springy  without  altering 
the  flatness  of  their  surface.  Mr.  H.  finds  that  soft,  un- 
hardened  steel,  may  be  rendered  more  elastic  by  bluirigi 
and  that  hard  steel  is  mcx^  expansible  by  heat  than  soft. 

It  is  very  difficult  to  reason  or  even  to  conjecture  upon 
these  facts.  They  certainly  deserve  to  be  verified  by  a 
direct  process  of  examination.     12  Nich.  Jour.  63. 

Observations  and  experiments  on  steely  resembling  that  of 
Damascus  ;  with  an  easy  test  for  determining  the  uni- 
form  quality  of  steel  before  it  is  employed  in  xvorks  of 
delicacy  or  expence. 

In  the  infancy  of  society  the  hardest  bodies,  such  as 
stones,  and  certain  kinds  of  wood»  were  selected  and  used 
for  cutting  instruments,  and  still  are  applied  to  that  pur- 
pose in  several  parts  of  the  world.  These  materials  were 
succeeded  by  copper,  hardened  by  a  mixture  of  tin,  of 
which  numerous  weapons  yet  remain  in  the  cabinets 
of  the  curious.  And  lastly,  steel,  whether  obtained  di- 
rectly from  the  ore,  or  by  cementation  of  malleable  iron, 
has  deservedly  taken  place  of  every  other  article,  on  ac- 
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^tint  of  the  united  qualities  of  tenacity  and  hardness. 
When  the  sword  was  the  chief  weapon  of  war,  it  must 
have  been  an  object  of  great  interest  and  demand  to  give 
to  its  blade  a  durable  keen  edge,  and  a  degree  of  firmness 
or  strength,  which,  without  rendermg  it  unwieldy,  should 
ensure  the  warrior  against  exposure  to  the  fatal  accident  of 
its  breaking  in  the  act  of  comb.\t.  The  sabres  of  Damas- 
cus have  been  famous  for  ages,  and  still  bear  a  great  price 
in  the  East ;  but  we  have  no  decided  account  of  the  man- 
ner in  which  this  steel  Is  manufactured  or  mad.'  up, 
SDme  years  ago  I  was  favoured  with  the  possession  of  a 
true  blade  of  this  kiad  for  a  few  days,  which,  if  my  recol- 
lection be  accurate,  had  cost  the  possessor  twelve  guiaeas 
at  Constantinople.  I  know  the  sum  was  not  less  than  this. 
As  I  was  not  permitted  to  make  any  experiments  upon  i , 
I  could  only  ground  my  process  upon  reasoning  from  its 
external  appearance  and  obvious  qualities. 

It  had  a  dull  grey  or  bluibh  appearance,  was  scarcely 
harder  than  common  steel  from  the  forge,  was  not  easily 
bended,  and  when  bended  had  no  spring  to  recover  its  fi- 
gure. Its  back  was  smooth,  as  were  also  two  narrow  slo- 
ped surfaces  which  formed  its  edge  under  an  angle  'f 
about  40  degrees ;  but  its  flat  sides  were  every  where  co- 
vered with  minute  waving  lines  in  masses  in  all  directions, 
not  crossing  each  other,  and,  for  the  most  part,  running 
ki  the  direction  of  its  length.  The  Unes  were  in  general 
lis  fine  as  harpsichord  wire,  not  extremely  well  defined 
nor  continued ;  and  their  distinction  fix)m  each  other  was 
effected  by  no  perceptible  indentation  of  the  surface,  but 
rather  by  the  succession  of  parts  differing  in  the  degree 
of  polish  or  brightness.  No  one,  upon  inspection  of  this 
surface,  would  for  a  moment  have  imagined  or  allowed 
that  it  Could  have  been  done  by  engraving  or  etching,  as 
the  false  blades  arc  damasked.  I  was  informed  that  if  any 
part  of  diis  blade  were  made  smooth  by  grinding  or  whet- 

3K  • 
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ting,  the  wavy  appeantnct-,  called  the  ■wOtaT^SSSamSk 
guin  priHiuctd  by  means  of  lemon  juice ;  and  that  its  n- 
ccllencies  were,  that  it  could  be  depended  up<n  not  to 
break,  and  that  it  would  cut  deeper  into  a  soft  substance, 
sucb  as  a  pack  of  wool,  or  into  SciJi,  than  any  other  kind 
of  blade. 

From  these  circumstances,  as  well  as  from  the  price,  t 
was  induced  to  think  that  the  blade  was  composed  of  sled 
and  iron,  and  that  the  process  of  forging  was  such  as  ptat- 
Ij'  to  enhance  the  cost,  b}-  the  labour  and  roar»s(geinart  it 
might  require.  For  if  wt-  suppose  tire  pieces  to  be  united 
togethtT  at  the  welding  heat,  and  then  forged  ot  drawn 
out,  k  is  certain  that  no  small  degree  of  skill  and  cait 
would  l)e  required  to  render  all  the  parts  souitd,  and  at 
ihf  same  time  preserve  the  steel  and  iron  in  possession  of 
thtir  characteristic  properties.  Too  great  a  be«t  would 
probabh  tvnder  the  whole  m;tss  more  uniform  than  is  con- 
sistent with  tlie  subsequent  production  of  the  water  or 
wavy  appearance.  In  my  attempt  to  imitate  this  sled, 
I  endeavoured  to  subblitute  a  mechanical  contrivance  in 
tlie  place  of  this  supposed  careful  forging. 

I  c;uised  a  cylindrical  hole  of  about  one  inch  in  diame- 
ter to  be  bored  through  a  piece  of  cast  iron,  the  lower 
part  of  which  could  be  so  placed  upon  an  anvil  as  to  close 
one  tnd  of  the  hole.  A  forged  iron  plug  was  made  near- 
ly to  fit  the  cylindrical  hole,  but  considerably  longer. 
Equal  weigiits  of  German  steel  and  SwedisJi  iron,  both 
in  filings,  were  then  well  mixed  with  oil,  and  WTappcd  in 
a  paper,  which  had  before  been  rolled  upon  the  plug,  and 
consequently  fitted  the  cylinder.  The  ends  of  the  paper 
were  neatly  folded  ;  and  the  whole  mass  being  then  put 
into  the  cast-iron  cylinder  placed  upon  tlie  anvil,  a  few 
blows  were  given  by  driving  tlie  plug  imo  the  hole  with  t 
heavy  hammer.  By  tliis  means  the  mass  of  filings,  when 
thrust  out  of  the  cylinder,  wau  compact  and  manageabks 
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It  was  tlien  placed  in  a  charcoal  fire,  and  urged  to  a  weld* 
ing  heat  by  the  double  bellows*  Thence  it  was  taken 
with  the  tongs ;  again  hastily  put  into  the  cylinder,  and 
hammered  by  means  of  the  plug  and  the  heav}'  hammer. 
When  it  was  taken  out,  the  whole  was  found  to  be 
consolidated ;  but  upon  foi^ng  it  into  a  plate,  a  consider* 
able  portion  flew  off*  in  a  crumbly  form.  The  plate,  how- 
ever,  was  filed  up,  smoothed,  and  examined. 

Its  colour  presented  nothing  remarkable.  When  weak 
nitrous  acid  was  poured  upon  it,  it  became  mottled  in 
consequence  of  the  numerous  small  black  spots  which  ap- 
petu^  upon  the  particles  of  steel,  while  those  of  iron  re- 
mained clean.  On  the  nitrous  acid  being  washed  ofF^ 
the  surface  appeared  wavy  like  the  Damascus  steel,  but 
scarcely  at  all  fibrous ;  doubtless  because  the  solid  had 
not  been  drawn  out  by  foiling.  An  attempt  was  made 
to  harden  it  by  igmtion  and  cooling  in  water ;  but  it  still 
remained  soft  enough  to  be  cut  with  the  graving  tool,  the 
point  of  wluch  did  not  indicate  any  difierence  in  that  res- 
pect between  die  parts  of  iron  and  of  steel,  though  it  is 
very  probable  such  a  difference  dUd  really  exist. 

I  infer,  therefore,  that  the  Damascus  steel  b  in  fact  a 
mechanical  mixture  pi  stjed  and  iron ;  that  it  is  incapa* 
pable  of  any  considerable  degree  of  hardness,  and  con«» 
aequendy  is  in  no  dai^er  of  breaking  from  its  brittle- 
Dess  s  that  its  tenacity  is  ensured  not  only  fix)m  the  ad- 
mixture of  iron,  but  likewise  fit)m  the  fecility  with 
which  its  soundness  may  be  ascertained  throughout^  by 
the  same  process  which  exhibits  the  water  or  fibrous  ap- 
pearance :  and,  lasdy,  that  the  edge  of  a  weapon  formed 
of  thb  material  must  be  rough,  on  account  of  the  differ- 
ent resistance  which  the  two  substances  afford  to  the 
grindstone,  in  consequence  of  which  it  will  operate  as 
asaWi  and  more  rei^ly  cut  through  yielding  substances 
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than  such  cutting  tools  as  are  formed  of  a  more  uniform 
substance. 

This  experimentiil  enquiry  directed  my  attention  tea 
method  of  ascertaining  the  uniformity  of  tenure  m  iron 
or  steel,  which  perhaps  may  have  been  noticed  by  odiersi 
but  is  certainly  unknown  in  most  manufactories,  though 
I  have  found  it  of  great  utility.  If  a  weak  acid,  for  ex- 
ample the  nitrous,  which  I  have  usually  taken  in  a  very 
diluted  state,  be  applied  to  the  face  of  iron  or  steel  pre- 
viously cleaned  with  tlie  file,  or  with  emery  paper,  the 
parts  which  contain  the  greatest  portion  of  carburet  of 
iron  (or  plumbago)  immediately  shew  themselves  by  their 
dark  colour.  It  very  frequently  happens  that  articles  of 
consideniblc  value,  intended  to  be  &bricated  in  ircHi  or 
steel,  are  not  known  to  be  defective  until  much  expence 
has  been  laid  out  in  manufacturing  them.  A  piece  of 
iron,  which  has  a  vein  of  steel  running  through  it,  as  is 
too  often  the  case,  will  require  at  least  three  times  the 
labour  and  care  to  turn  it  in  the  lathe,  which  would  have 
been  demanded  by  a  piece  of  greater  uniformity.  Stcd 
which  abounds  with  spots,  or  veins,  or  specks  called  pins, 
may  be  fasliioncd  completely,  and  will  not  shew  its  de- 
fects, until  the  final  operation  when  an  attempt  is  made 
to  polish  it.  Other  articles,  such  as  measuring  screws, 
blades  of  sheers,  fine  circular  cutters,  &c.  either  bend  in 
the  hardening,  from  the  difierence  of  ex  pansion,  or  le- 
ast the  tool  when  wrought  in  the  tempered  state,  or  ex- 
hibit other  incurable  defects  when  they  come  to  be  tried ; 
which  the  test  by  nitrous  acid  would  have  mdicated  be- 
fore any  expense  had  been  incurred.  In  these,  and  in 
numberless  other  instances,  it  would  have  been  incom- 
parably more  advantageous  to  have  rejected  the  material 
upon  the  first  trial,  rather  tiian  have  proceeded  to  the 
very  exjx^nsivc  process  of  manufactiu'ing  the  article  and 
thui  finding  it  of  no  value.    By  this  simple  expcdieot  I 
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ftave  found  bars  of  steel  as  full  of  veins  and  irregularities 
as  wood,  and  have  been  enabled  to  select  the  best  and 
most  uniform  pieces  for  works  of  the  greatest  delicacy ; 
ipvh-w-reas,  before  I  thought  of  this  mode  of  trial,  I  have 
very  often  had  the  mortification  to  fail  in  the  last  stage  of 
experimental  processes,  upon  which  much  cost  and  la« 
bour  had  been  bestowed. 

• 

Account  of  an  Experiment  to  imitate  the  Damascus  Sword 
Blades^  in  a  letter  from  Mr*  James  Stod  art,  to  Mr. 
Nicholson. 

Dear  Sir, 

Huvnig  lately  had  an  opportunity  of  examining  some 
sword  blades,  which  appeared  to  be  defective,  I  was  in- 
diictd  to  make  the  following  experiment.  The  subject 
is  surely  of  some  importance,  and  perhaps  never  more  so 
than  at  the  present  moment.  We  hear  of  swords  having 
broken  in  battle,  and  we  can  hardly  imagine  a  more  dis- 
tressing circumstiince.  Those  which  I  have  seen  arc  cer- 
tainly in  no  danger  of  failing  in  diat  way,  for  on  the 
contrary  they  are  evidently  too  soft,  and  consequently  can- 
not form  a  good  cutting  edge.    I  am  not  acquainted  with 

]  the  process  used  in  making  sword  blades,  but  am  inclined 
to  suspect  that  the  price  allowed,  is  not  equal  to  the  labour 
necessar}'-  to  form  a  good  instrument.  The  following  me- 
thod, which  I  believe  to  be  nearly  the  same  as  that  prac- 

,  tised  at  Damascus,  but  which  I  suspect  would  be  too 
difficult  and  expensive  for  general  application,  may  per- 
ips  lead  to  some  more  simple  method  of  accomplishing 
the  desired  purpose.  I  took  six  small  bars  of  good  mal- 
leable iron,  and  the  same  number  of  sheer  steel,  and  laid 
'them  one  on  another  alternately,  as  if  forming  a  galvanic 
pile ;  I  then  with  the  assistance  of  an  expert  workman, 
committed  them  to  a  clean  fcx^  fire,  and  with  care  we 
flucceedpd  in  welding  them  into  a  solid  lump.    This  was 
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Ebi^;ed  into  a  stotit  fttt  plate,  wliich  being  heatrd  to  whbe. 
uess,  was  by  means  of  strong  tongs  Iw  ibtLtl  spirally  utrul 
it  formed  a  cyiindricul  tul)e.  In  tlili  twined  »taK  it  «s 
heated,  hammered  flat,  und  again  Au-ldcd,  and  aticr  being 
forged  into  a  convciiifiit  fonn  and  substantx-,  was  doubkt] 
tlirougUout  its  whole  liriigih,  someu^t  in  the  matUKni 
the  back  of  a  saw.  A  slip  of  good  steel  was  instntd,  mid 
another  welding  heal  taken,  which  consolidah-dtbc  wixJe 
niass.  I  need  not  say  thi^  hlip  of  btcvl  was  intended  lor 
our  edge.  The  remaining  pat  of  tlie  process  wa*  sim. 
pie ;  it  consisted  only  in  forging  it  bto  the  shape  of  (be 
blade  we  wanted  ;  which  on  e\anunation  prtnird  paiixtljr 
sound  in  every  part.  Being  eager  to  witness  some 
proofs  of  excellence  and  beauty  which  my  exptcUtton 
had  anticipated,  I  too  hastily  and  witliout  due  consider* 
tion  proceeded  to  harden  it  by  heating  and  cjuenching  in 
water ;  and  had  the  misfortune  to  see  it  crocking  in  scvta 
or  eight  different  places.  I  have  no  doubt  (bi&  was  occa- 
sioned by  the  unequal  expansion  and  subsequent  cf)ntr.tc- 
tion  of  the  different  parts  of  the  mass.  In  my  next  inai  I 
shall  guard  agjiinstdiis  accident.  Enough  howe\tr  ii.-mau- 
cd  sound  to  pro\-c  it  both  good  and  beautiful ;  the  cd^ 
bears  the  severest  trials  at  the  same  time  thut  the  wbolt 
blade  has  sufficient  tenacitj'.  I  have  polished  a  port  of  it, 
and  by  applying  a  weak  acid,  produced  an  aj^ieamucc, 
which  though  by  no  means  equal  to  tlie  beauty  of  what 
is  called  the  Damascus  water,  leaves  me  Utile  reason  10 
doubt  of  accomplishing  that  appejirance  in  my  nest  trial 
My  intention  is  to  multiply  my  pieces  of  metal,  to  nrpeal 
the  process  of  twisting,  and  certainly  not  again  to  quench 
in  water.  I  shall  take  the  liberty  to  transmit  to  )-ou  an 
exact  account  of  my  next  experiment,  and  U"  successful, 
to  accompany  it  witli  u  sample  of  die  metal  fonned  into 
a  blade  of  some  kind  or  another.  I  am  with  much  rts- 
pcct,  Vour  obedient  servant, 

I  STODART, 
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P.  S.  Why  is  the  appearance  produced  on  Damascus 
Steel  b\  the  application  of  an  acid  called  the  water?  Is  it 
not  different  degrees  of  oxidation  ?*  and  what  is  the  acid 
best  fitted  to  produce  this  appearance.  I  had  a  paper 
given  me  some  ten  years  ago  on  this  subject,  by  a  gen* 
tkmaii  whose  name  I  do  not  know.  Unfortunately  I  have 
mislaid  it. 

In  addition  to  what  you  have  published  on  the  subject 
in  your  valuable  Journal,  pray  furnish  us  tiith  any  otlier 
fects  that  may  have  come  to  your  knowledge  since  that 
period.  The  subject  appears  to  me  to  be  wortfiy  of  phi- 
kMophical  re^parch,  and  perhaps  of  naUonal  encourage** 

fTebSng  of  Cast-Steel.    By  Sir  Thoicas    Franc^ 

LAND,  Bart. 

The  uniting  of  steel  to  iron  by  welding  is  a  well  known 
pracdce ;  in  some  cases  for  the  purpose  of  saving  steel ; 
in  others,  to  render  work  less  liable  to  break,  by  giving 
tiie  steel  a  back  or  support  of  a  tougher  material.  • 

Ever  since  the  invention  of  cast-steel  (or  bar  steel  refin- 

■ 

cd  by  fusion)  it  has  generally  been  supposed  impossible 
to  weld  it  either  to  common  steel  or  iron ;  and  naturally—- 
for  the  description  in  Watson's  Chemical  Essays  (vol.  iv.  p. 
148)  is  just,  that  in  a  welding  heat  it  *'  runs  away  under  the 
hammer  like  sand.''  How  far  the  Sheffield  artists,  who 
stamp  mudh  low-priced  work  with  the  title  of  cast- 
steel,  practise  the  welding  it,  I  am  ignorant ;  but  though 
I  have  enquired  of  many  smiths  and  cutlers  in  different 
parts  of  the  kingdom,  I  have  not  yet  found  tlie  workman 

*  I  have  always  supposed  steel  to  be  less  readily  soluble  than 
pure  iron ;  and  that  the  carbon  which  is  seen  on  the  face  of  the 
former  during  the  process  of  damasking,  defends  it  from  tlie  acid, 
vhile  the  fibres  of  iron  arc  etched  by  corrosion  so  as  to  exhibit 
the  peculiar  waving  lines  of  tiiis  operation.    N. 
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Dvho  professed  himself  able  to  accomplish  it.  If  tbeicfarc 
I  should  describe  a  simple  process  for  the  purpose,  I  may 
be  of  use  to  the  very  many  who  are  incredulous  on  the 
subject  If  any  one  has  made  the  discovery  on  principle^ 
he  has  reasoned  thus :  Cast-steel  in  a  welding  heat  is  too 
soft  to  bear  being  hammered ;  but  is  there  no  lower  de- 
gree of  heat  in  which  it  may  be  soft  enough  to  unite  with 
iron,  yet  without  hazard  of  running  under  the  hammer  ? 
A  few  experiments  decided  the  question ;  for  the  fiict  is^ 
that  cast-steel  in  a  white  heat,  and  iron  in  a  welding  hea^ 
unite  completely.  * 

It  must  not  be  denied  that  considerableknyety  is  requi- 
red in  giving  a  proper  heat  to  the  steel ;  for,  on  applying 
it  to  the  iron,  it  receives  an  increase  of  heat,  and  will  some- 
times run  on  that  increase,  though  it  would  have  home 
the  hiimmer  in  that  state  in  wliich  it  was  taken  firomthe 
fire. 

I  need  scarcely  observe,  that  when  this  process  is  inten- 
ded, the  steel  and  iron  must  be  heated  separately,  and  the 
union  of  the  parts  proposed  to  be  joined,  efRxttd  at  a  sin^ 
gle  heat.  In  case  of  a  considerable  length  of  work  be- 
ing required,  a  suitable  thickness  must  be  united,  and  af- 
terwards drawn  out,  as  is  practised  in  for^g  reap- 
hooks,  &c. 

The  steels  on  which  my  experiments  have  been  made, 
are  Walkef  s*  of  Rotherham,  and  Huntsman's,  betircen 
which  I  discover  no  diiference ;  and  though  there  may 
be  some  trifling  variation  in  the  flux  used  for  melting; 
they  are  probably  the  same  in  essentials** 

*  Mr.  Pettibonc  of  Philadelphia  hsia  succeeded  in  this  proces- 
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iQ/^M^  CHEMICAL  MANUFACTURES   DEPENDANT   UP^ 

-  OS  Iron^vtz.  green  copperas  :   ink:  Prussian 
blue:  colcothar, crocus martis. 

COPPERAS. 

Green  copperas :  sulphat  of  iron ;  is  procured  three 
ways,  viz.  from  pyrites :  from  the  precipitation  of  copper* 
Water :  from  solution  of  iron  directly  in  sulphuric  acid. 
.  First  method.  P}Tites,  or  sulphuretted  iron,  is  found 
frequently  in  great  abundance  in  strata  of  argillaceous 
shist ;  in  England  particularly,  in  the  stratum  superincum- 
bent upon  coal. 

"  The  sulphuric  acid  dissolves  iron,  and  forms  the  well 
:  knowi^salt  Sulphat  of  iron  ;  Green  vitriol ;  Green  coppe* 
ras ;  or  Sal  mortis.  The  greater  quantity  of  this  salt 
which  is  used  in  manufactures  of  various  kinds,  particu- 
larly in  dying  black,  is  not  prepared  from  the  direct  com- 
bination of  its  ingredients,  but  from  various  kinds  of  na- 
ti\'e  sulphats  of  iron,  or  p}Tites,  after  they  have  undergone 
spontaneous  oxygenation  by  long  exposure  to  air.  Green 
'  vitriol  is  prepared  in  many  counties  in  England ;  the  first 
manufacture  of  the  kind  was  undertaken  in  the  reign  of 
queen  Elizabetli,  at  Deptford,  where  it  is  still  carried  on. 
It  is  likewise  made  largely  in  Northumberland  and  Dur- 
ham. The  method  of  manufacture  is  simple,  and  scarce- 
ly diffin-s  now  from  what  it  was  more  than  a  century  ago 
as  described  by  Col  wall." 

TTie  following  is  the  process  actually  in  use. 
"  The  usual  mode  of  manufacturing  copperas  on  the 
"  rivers  Tyre  and  Wear,  is  by  exposing  iron  pyrites  (there 
**  called  brasses)  which  are  found  in  the  collieries,  to  the 
influence  of  the  atmosphere.     For  this  purpose  a  situa- 
tion is  chosen  inclining  towards  the  river,  of  a  natural 
strong  clay.     After  the  soil  is  taken  off,  gutters  are  cut 
'>  in  difierent  directions,  and  wells  of  about  5  or  six  feet 

3  L 
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"  deqp,  and  two  or  three  in  diameter,  are  sunk  where  the 
^^  gutters  terminate.  Upon  this  surface  the  brasses  are 
^^  laid  to  the  thickness  of  4  or  5  feet  The  vitriolizatiiik 
^^  shews  itself  in  a  white  efflorescence,  which  b  washed 
^^  off  by  the  rain  into  the  gutters  and  conveyed  by 
**  pipes  from  the  wells  to  a  reservoir,  fix>m  uiiich  there 
'^  is  a  piix;  of  communication  to  the  boiler.  This  is 
'*  a  leaden  vessel  generally  about  7  feet  deep,  12  to 
"  fourteen  long,  and  6  oc  1  wide,  where  the  liquor  is  cva- 
^^  porated  for  6  days,  during  whicli  time  a  quantit)'  of  old 
^'  iron  is  added  to  it,  as  much  as  it  will  dissolve*  It  is  then 
^^  run  into  a  crystallizing  vessel,  and  remsuns  there  lor 
"  five  weeks,  at  the  end  of  which  time  tlie  mother  liquor 
^^  is  run  into  a  reservoir,  and  pumped  back  into  the  b(ul- 
"  er,  and  the  crystals  are  remo\-cd,  and  after  being  wdl 
'^  drained  are  packed  in  hogsheads  tot  sale.  A  sii^ 
^^  boiling  from  a  boiler  of  the  above  dimensions  yieldt 
"  from  5  to  8  tons  of  copperas,  according  toUic  strength 
"  of  the  liquor." 

Vitriol  is  made  near  Haguenau  on  the  Rhine  nearly  in 
llie  same  manner,  according  to  the  description  given  by 
Ciivillier.  The  pyrites  is  disposed  on  an  inclined  soil 
in  beds  about  two  feet  thick,  beneath  which  are  gutters 
going  to  a  common  reservoir.  The  vitriolization  of  py- 
rites is  always  seen  by  whitish  efflorescences  tasting  strong- 
ly of  vitriol,  at  the  same  time  that  the  surface  of  the  py- 
rites cracks  in  even'  direction.  When  the  season  is  dry  it 
is  occasionally  watered  to  carry  off  the  vitriol  already  form- 
ed, and  to  promote  a  fresh  vitriolization  in  the  remaiiung 
ore.  The  heaps  are  found  to  be  exhausted  when  these 
saline  efflorescences  are  but  scanty,  and  when  the  lump 
when  broken  appears  changed  throughout  into  the  iocr 
pyrites^ 

Tlie  vitriolic  liquor  is  evaporated  as  usual  in  lead  boil- 
ers, but  h  does  not  appetU*  that  old  iron  is  regulariy  added 
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to  saturate  the  liquor  as  in  England,  but  only  occasionally 
when  it  appears  too  acid.  Some  of  the  mother  liquor  of 
the  former  operation  is  always  added. 

The  evaporated  liquor  Ix:fore  it  passes  into  the  crj'stal- 
lizing  pools  is  sent  to  another  bason,  where  it  remains  ioc 
twenty-four  hours'  to  deposit  a  large  quantity  of  ochre. 
The  crystallizing  pools  are  made  of  fir  planks  surrounded 
with  beaten  clay.  It  requires  ten  days  for  the  solution  to 
deposit  all  its  cr}'stals,  part  of  which  is  collected  on  sticks 
put  into  the  vessel,  but  the  purest  vitriol  is  deposited  the 
last.  Tlie  liquor  that  remains  after  the  deposition  of  the 
cr}'stals  (or  the  mot/ier-water  as  such  liquors  are  alwd}'S 
termed)  is  reserved,  and  a  portion  is  always  added  to  the 
boiler  in  the  next  evaporation. 

The  vitriolization  of  the  common  pyrites  used  in  these 
manufactures  is  a  work  of  considerable  time,  more  or  less 
according  to  circumstances,  but  is  generally  several 
months  bef(ye  a  bed  is  entirely  exhausted.  Vitriol  is 
however  also  made  in  several  places  from  vitriolic  peat^ 
and  in  tliis  the  process  is  much  shorter.  A  large  manu- 
factory of  vitriol  from  this  source  is  carried  on  near  Beau- 
vais  in  France,  thus  described  by  M.  Brisson. 

llie  peat  in  the  neighbourhood  is  of  two  kinds,  the 
common  combustible  peat  and  the  vitriolic.  The  former 
b,  as  in  other  countries,  light,  spong}%  and  full  of  visible 
remains  of  leaves,  stalks,  and  vegetable  fibres.  The  vi- 
triolic on  the  otiier  hand  is  easily  distinguished  by  being 
heavier,  liarshcr,  and  crumbly.  The  waters  that  run  from 
it  also  deposit  much  oclire  which  readily  detects  the  situa* 
tion.  The  vitriolic  peat  b  not  found  uniformly  in  any 
relative  situation  widi  the  other  species,  but  at  diflerent 
depdis  firom  the  surface  to  about  ten  feet. 

This  peat  is  hardly  exposed  to  the  air  before  it  opens  of 
Itself  and  becomes  very  dry  and  harsh,  and  soon  heats  even 
Vi  small  masses.    To  render  the  vitriolization  more  mu- 
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form  and  pre\'ent  the  too  dicing  efiect  of  the  siin,  the  peat 
is  laid  in  h.aps,  only  three  or  four  inches  in  thickness  under 
sheds  thatched  with  straw,  where  they  remain  for  a  few 
days,  after  which  they  are  ready  for  lixivation.  This  is 
done  by  throwing  the  peat  into  large  vats  of  masonry  and 
corering  it  with  rain  water,  which  flows  through  the  heaps 
and  is  collected  for  the  purpose,  and  also  with  scHne  of 
die  mother  \\  atcr  of  the  former  ay  stallization.  It  is  tben 
evapcnrated  and  crystallized  in  the  method  abneady  describ- 
ed. 

In  some  places  the  p}Tites  requires  roasting  bdbre  it 
can  be  decomposed  by  the  action  of  the  wr.  Thus  at 
Geyer  in  Saxony,  the  p}Tites,  after  being  exposed  fir  some 
time  to  the  air,  is  soaked  in  water  for  twelve  hours,  then 
Toasted  as  in  the  ordinary  method  of  roasting  ores,  in  a 
large  bed  upon  &ggots,  on  which  about  seventy  or  eighty 
quintals  at  a  time  are  heated  red-hot,  and  in  this  state 
plungtd  again  into  water.  This  b  repeated  six  times 
successively  with  the  same  p}Tites,  by  whicn  the  water 
becomes  strongly  impregnated  with  vitriol  and  is  after- 
wards evapcH^ted  and  crystallized  as  usual. 

A  quantity  of  heat  is  always  generated  during  the  pro- 
cess of  vitriolization,  both  in  the  first  combination  of  iron 
with  sulphur  and  the  subsequent  oxygenation  of  the  sul- 
phur, and  consequent  conversion  into  sulphuric  acid, 
which  enabl^  it  to  dissolve  the  iron  and  form  the  sulphat 
required. 

The  degree  of  the  heat  produced,  and  the  quantity  of 
moisture  which  the  pyrites  receives  (by  rain  or  other  sour- 
ces) are  the  circumstances  that  principally  regulate  the 
production  of  vitriol,  both  as  to  quantity  and  time  of  its 
production.  Too  much  heat  actually  kindles  the  mass ; 
the  remaining  sulphur  takes  fire,  and  an  immense  quanti- 
ty of  sulphureous  acid  vapour  is  given  off  to  a  great  dis- 
tmce  around.    Where  this  takes  place^  little  or  no  vitricd 
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is  produced,  for  most  of  the  sulphur  and  acid  already  fcxm- 
€d  is  dissipated  and  also  the  iron  becomes  too  much  oxy- 
dated  to  yield  the  cr}'stallizable  salt.  Hence  it  is  dangerous 
and  prejudicial  to  make  too  large  heaps  of  pyrites  or  to 
put  it  up  into  stacks  however  preserved  from  the  weather. 
Some  moisture  is  also  necessary  to  vitriolization,  but  too 
much  of  it  keeps  the  pyrites  too  cold,  and  the  process  is 
languid.  The  iron  added  during  the  boiling  b  certainly 
useful,  both  as  saturating  the  acid  and  encreaing  thereby 
the  yield  of  the  salt,  and  also  as  precipitating  by  its  supe<- 
rior  affinity  any  copper  which  may  arise  from  the  admix- 
ture of  copper  p}rrites,  and  a\so  undergo  vitriolization.  In 
some  manufactures  however  the  adnuxture  of  a  small  por- 
tion of  sulphut  of  copper  is  even  an  advantage,  as  in  the 
dying  of  hats.    ( Aikin's  Diet  1. 614) 

Second  method.  In  copper  works,  the  sulphuretted 
ore  of  copper  is  roasted  in  ovens  to  drive  off  part  of  the 
sulphur.  The  ore  is  then  washed.  But  as  in  the  pro- 
cess of  desulphuration,  much  of  the  sulphur  is  acidified 
by  the  oxygen  of  the  air  that  supports  the  combustion,  a 
sulphat  of  copper,  or  blue  vitriol,  blue  copperas,  is  pro- 
duced. When  the  ore  is  washed  in  water,  that  water 
dissolves  the  blue  vitriol,  from  which  the  copper  is  pre- 
cipitated  by  immersing  bars  and  plates  of  iron  in  the  so. 
lution.  The  copper  thus  precipitated  is  nearly  in  a  me* 
tallic  state ;  and  when  no  more  copper  falls  down,  the 
iron  is  taken  out,  the  precipitate  collected  for  fusion,  and 
the  liquor  which  now  contains  sulphat  of  iron  is  eva- 
porated to  obtain  that  salt,  which  crystallizes  in  the  usual 
way. 

Third  method*  Oil  of  vitriol  (concentrated  sulphuric 
add)  b  mixed  with  six  times  its  bulk  of  water.  Refuse 
iron  b  immersed  in  it  till  the  liqucx*  is  saturated,  and  will 
take  up  no  imoK  iron.  The  dear  liquor  b  gendy  evapo* 
rated  and  kit  to  ciystallize.     One  hundred  parts  by 
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weight  of  oil  of  vitriol,  will  yidd  250  parts  of  dnyslal- 
lized  green  copperas. 

INK. 

• 

This  is  tlie  gallat  of  iron,  which  turns  black  by  ex- 
posure  to  oxygen,  and  then  precipitates.  The  precis 
pitate  for  the  purpose  of  uTiting  is  suspended  in  water  fay 
means  of  mucilage  of  guni  arable.  White  sugar  gins 
a  gloss  to  the  ink,  but  renders  it  more,  slow  in  diying. 
Hence  it  is  an  useful  addition  to  copying  ink. 

I  do  not  know  a  better  composition  for  common  ink 
than  the  following. 

Logwood  rasped  or  finely  chipped,  1  ounce 

Nu^lls  in  powder,  3  ounces 

Green  copperas  calcined  to  whiteness,  1  ounce  and  a 
quarter 

Blue  copperas,  «  of  an  ounce 

Gum  arabic  pounded,  1  ounce  and  a  half 

White  sugar,  i  of  an  ounce 

Water  one  quart ;  vinegar  one  pint. 

The  vinegar  and  water  should  be  poured  hot  upon  the 
ingredients  in  a  close  vessel.  When,  cool  it  should  be 
frequently  stirred  with  a  stick,  for  a  fortnight.  It  may 
then  be  strained  through  a  cloth,  and  put  in  a  bottle. 

Mr.  Watt's  receipt  for  the  ink  used  for  his  copying 
press,  and  the  preparation  of  the  papar,  is  as  foUows. 

Take  a  piece,  or  pieces,  of  thin  paper  which  contzdns 
no  size,  or  glue,  or  gummy  or  mucilaginous  matter,  or 
which  at  least  does  not  contain  so  much  size,  or  other 
jnatter,  as  would  make  it  fit  for  being  written  upon.  Cut 
this  paper,  or  papers,  to  the  size  and  shtipe  of  the  ^liting 
of  which  a  copy  is  wanting :  moisten  or  wet  the  said 
thin  paper  with  water,  or  other  liquor,  by  means  of  a 
spunge  or  brush,  or  by  dipping,  or  otherwise.  Having 
moistened  or  wetted  thethin paper,  lay  it  between  two  thick 
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Qn^zed  spongy  papers^  or  between  two  cloths,  or  other 
substances  capable  of  absorbing  the  superfluous  mois- 
ture from  the  thin  paper ;  when  it  has  been  slightly  pres- 
sed between  such  thick  spongy  papers,  or  other  sub* 
stances,  by  the  hand  or  otherwise,  lay  the  said  thin  pa- 
per, so  moistened  and  pressed,  upon  or  under  the  side 
of  the  writing  which  is  to  be  copied,  and  in  such  man- 
ner that  the  one  side  o{  the  said  moistened  paper  shall  be 
in  contact  all  over  the  side  of  the  said  writing,  so  intend- 
ed to  be  copied ;  and  that,  to  the  other  side  of  the  said 
moistened  thin  paper,  there  shall  be  applied  a  piece  of 
clean  writing-paper,  or  cloth,  or  other  smooth  uniform 
substance.  Lay  the  said  writing  intended  to  be  copied, 
with  the  thin  moistened  paper  intended  to  receive  the 
copy,  (placed  respectively  as  above  directed,}  upon  the 
board  of  a  common  rolling-press,  or  of  that  of  which  a 
description  and  drawing  are  hereunder  written  and  dra^vn^ 
and  press  them  once,  or  oftener,  through  the  rolls  of  the 
said  press,  in  the  same  manner  as  is  used  in  printing  by 
copper-plates ;  or  instead  of  using  the  said  or  any  rol- 
ling-press, squeeze  the  said  papers,  placed  respectively 
in  the  manner  above  described,  in  a  screw  press;  or 
subject  them  to  any  other  pressure  sufficient  for  tlie 
purpose :  by  means  of  which  pressure,  in  whatever 
manner  applied,  part  of  the  ink  of  the  \mting  intend- 
ed to  be  copied  shall  press  from  the  said  writing  in  to, 
upon,  and  through,  the  said  thin  moistened  paper,  so 
that  a  copy  of  the  said  writing,  more  or  less  faint,  accord- 
ing to  the  quality  of  the  ink  and  jiaper  employed,  shall 
appear  impressed  on  both  sides  of  the  said  moistened  pa- 
per, viz, — Upon  one  of  the  sides  in  the  natural  or  proper- 
order  and  direction  of  the  lines,  as  they  are  in  the  origi- 
nal writing,  and  on  the  other  side  in  the  reverse  order  and 
direction.  But,  in  order  to  make  the  impression  or  co- 
lt^ of  the  writing  more  strong,  legible,  and  durable^  it 
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is  proper  and  useful  to  moisten  the  siaid  thin  paper,  idudi 
is  to  receive  the  copy  or  impression,  with  the  following 
liquor,  instead  of  water  or  other  liquid,  and  to  proceed 
in  all  other  respects  as  is  above  directed ;  or  to  moisten 
the  said  thin  paper  with  the  following  liquor,  and  to  dry 
the  ssdd  paper,  and  when  a  copy  of  a  writing  is  required 
to  be  taken,  the  said  paper,  thus  previously  prepared  and 
dried,  ought  to  be  moistened  with  wat^  or  other  liquid^ 
and  to  be  jxtxreeded  with  in  all  other  respects  as  has  been 
directed.  The  said  liquor  to  be  used  for  mmstening  the 
said  thin  paper,  or  for  preparing  the  said  paper  previous- 
ly to  its  being  used,  b  made  in  the  followii^  manner : 
take  of  distilled  vinegar  two  pounds  weight,  dissolve  it 
in  one  ounce  of  the  sedative  salt  of  borax ;  then  take  four 
ounces  of  oyster*shells  calcined  to  wtuteneas,  and  care- 
fully fi^eed  from  their  brown  crust,  put  them  into  the  vine- 
gar, shake  the  mixture  frequently  for  four  and  twenty 
hours,  then  let  it  stand  untU  it  deports  its  sediment ;  filter 
the  clear  part  tlirough  unsized  paper  into  a  glass  vessel, 
then  add  to  the  said  mixture  or  solution  two  ounces  of  the 
best  blue  Aleppo  galls  bruissd,  and  place  the  liquor  in  a 
warm  place,  shaking  it  frequently  for  twenty -four  hours ; 
then  filter  the  liquor  again  through  unsized  paper,  and  add 
to  it,  after  filtration  one  quart,  ale  measure,  of  distilled  op 
other  pure  water.  It  must  then  stand  twent)-.four  hours, 
iind  be  filtered  again  if  it  shews  a  disposition  to  deposit 
any  sediment,  wliich  it  generally  does.  The  liquor,  thus 
comiK)unded  and  prepared,  is  to  be  used  as  hath  been 
directed. 

N.  B.  In  place  of  the  vinegar,  any  odier  liquor  im- 
pregnated witli  a  vegetable  acid  may  be  used ;  and,  m 
place  of  the  galls,  oak-bark,  or  any  other  vegetable  as- 
tringent, or  substance  which  is  capable  of  becoming  black 
or  deep  coloured,  with  solutions  of  iron ;  and  in  place  of 
the  oystcr-sliells,  any  other  pure  calcareous  earth  may  be 


I    ■ 


hik.  453 

Used«,  But  if  the  impres^ons  are  not  wanted  to  be  very 
black,  and  the  writing-ink  is  good,  water  itself  may  be 
used  to  moisten  the  thin  paper,  as  herein  first  directed. 
It  may  be  found  necessary  to  add  more  or  less  water,  in 
the  preparation  of  the  above  liquor  to  be  used  for  moist-* 
ening  the  thin  paper,  or  to  vary  the  proportions  of  the 
Other  ingredients,  according  as  they  are  more  or  less  per- 
fect or  strong,  ch*  as  the  impression  is  required  to  be  more 
cr  less  deep  coloured.  The  writing  ink  which  I  use  fbr 
letters  or  writings  intended  to  be  copied^  is  prepared  as 
follows :  take  four  quarts,  ale  measure,  of  spring  water ; 
one  pound  and  a  half  avoirdupoise  weight,  of  Aleppo 
galls ;  half  a  pound  of  green  copperas  or  green  vitriol ; 
half  a  pound  of  gum  arabic ;  fi)ur  ounces  of  roach  allum; 
p§und  the  sdid  ingredients,  and  infuse  them  in  the  water 
9ix  weeks  or  two  months,  during  which  time  the  liquor 
should  be  finequently  shaken  ;  stram  the  liquor  through  a 
linen  cloth,  and  keep  it  in  bottles,  closely  corked  for 
tase^'^  Rep.  Arts.  18. 

Conmion  ink  may  be  made  fit  for  records  by  grinding 
up  with  it  about  one  sixth  part  of  the  weight  of  the  cop- 
peras employed  of  calcined  lamp  black  (the  calcining 
in  a  dose  vessel  improving  the  colour  and  rendering  it 
less  oily.)  Or  indigo,  or  Frankfort  black,  or  even  a 
very  finely  powdered  charcoal  may  be  substituted ;  car 
some  common  China  or  Indian  ink  may  be  dissolved  in 
it.  The  liquid  also  should  be  half  \anegar  and  half  water, 
which  ^ks  deeper,  and  the  proportion  of  gum  should  be 
somewhat  encreased. 

I  do  not  find  that  the  directions  of  Van  Mons,  Desor* 
maux,  or  Hibaucourt,  offer  any  substantial  improve- 
ment  on  the  {Ht^^eding  recipe  which  is  nearly  Dr.  Lewis's. 
The  blue  vitriol  I^add  to  give  a  bluetit^  with  the  log* 
wood :  these  two  ingredients  composing  the  false  blut 
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No  experuncniB  suffictaxdy  decisive  have  been  made 
on  the  preference  that  ought  to  be  givea  to  cherry  or 
plum-tree  gum,  gum  tragacantfi,  gehtine  of  flour,  comp 
mon  glue,  isinglass,  or  fish  glue  over  gum  arabic  or  gum 
Senegal.  Lewb  says  that  all  the  vegetable  gums  answer 
neariy  the  same  purpose,  but  that  die  animal  glues  donot* 
Of  this  I  am  by  no  means  persuaded. .  Sour  ale  and 
water,  makes  a  very  glossy  ink.  If  China  or  Indian 
ink  be  ^ssolved  in  a  large  pn^Kirtion  of  water,  die  blad^ 
sediment  appears  to  be  lamp  black  or  ivoiy  black,  2sA 
the  liquor  putrefying,  indicates  that  the  colouring  mat- 
ter is  suspended  by  animal  jelly. 

The  preceding  recipe  for  writing  ink,  contains  morc 
galls  than  are  necessary  to  the  highest  degree  of  blackness, 
but  not  more  dian  are  necessary  to  the  duralnlity  of  t|e 
ink.  Tor  present  purposes,  one  third  of  the  galls  may 
be  omitted. 

Common  ink  powder  is  thus  made.  Galls  in  powder 
two  parts  by  weight ;  green  vitriol  in  powder  one  part ; 
gum  arabic  in  powder  one  part ;  sugar  one  fourth  of  a 
part.  These  should  be  dissdved  in  water  and  vinegar,  of 
which  the  latter  may  be  in  the  proporticm  of  one  diirdli 
to  the  water. 

A  few  cloves  prevent  die  mouldiness  of  ink.  I  think 
cotton  in  an  ink-botde  tends  to  preserve  die  colour. 

As  the  fogitive  part  of  ink  is  the  gallic  acid,  old  writ- 
ings that  have  become  ille^ble  through  time,  may  be 
rendered  legible,  by  brushing  diem  over  with  a  solutioa 
of  nu^alls  in  water ;  or  by  a  dilute  solution  of  prussiat 
of  potash. 

The  colour  of  common  ink  b  coro^letdy  destroyed  by 
oxymuriauc  acid.  This  effect  is  counteracted  by  rub* 
bing  up  some  lamp  black  with  the  ink. 

The  ink  of  the  ancients,  was  of  the  same  nature  wiA 
China  or  Indian  ink,  being  made  of  lampblack  (probalU| 
calcined  to  improve  the  ccdour  and  diminish  the  ffoS- 
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ness)  and  suspended  by  means  of  glue.    Their  best  glue 
was  made  by  boiling  buUs  ears  in  vinegar  and  water. 

China  or  Indian  ink,  can  be  washed  off  the  paper  by 
the  patient  application  of  a  brush  and  warm  water, 
Ifence,  Mr.  Sheldrake  has  proposed  a  mixture  of  turpen- 
tine varnish  thinned  by  oil  oi  turpentine  and  coloured  by 
lamp  black.  Or  better  by  dissolving  gum^copal  in  <h1  of 
lavender,  and  rubbing  it  off  with  a  small  quantity  of 
lamp  black.  I  have  repeatedly  dissolved  gum-copal  by 
means  of  gentle  heat  and  much  patience,  in  oil  of  tur- 
"pentine,  and  oil  of  rosemary,  and  still  more  easily  in  oil 
of  pennyroyal  and  oil  of  burgamot,  and  some  other  of 
the  essential  oils.  This  recipe  may  answer  for  some  cu- 
rious purpose,  but  it  is  not  calculated  for  common  use. 

Red  ink  is  made  with  cochineal  and  gum  arable  dis» 
solved  in  vinegar  acnd  water.  Or  by  brazil,  braziletto 
or  nicaragua  wood  in  the  proportion  of  one  ounce  and 
a  half  to  a  pint  of  water,  coi^ining  a  quarter  of  an  ounce 
of  alum  and  half  an  ounce  of  gum  arable.  Bii^e  ink» 
Indigo  and  gum  ^:^ic.  Green  ink,  dissolve  in  vinegar 
and  water,  crystallized  verdigrease  till  the  cak>ur  be  suf* 
ficiently  strong ;  thicken  with  gum  arable.  Yellow  ink  ; 
is  made  either  by  a  decoctiDn  of  saffron,  or  of  French 
berries  (grains  d' Avignon.) 

The  common  marking  ink  used  for  these  thirty  years  iri 
Manchester  to  mark  the  comers  of  the  unbleached  goods, 
is  a  solution  of  silver  in  nitrous  acid,  which  when  fused  by 
fire,  is  the  lunar  caustic  of  the  shops.  Take  of  this  one 
drachm,  dbsolve  it  in  4  times  its  weight  of  rain  water : 
tUcken  it  by  putting  in  about  half  a  drachm  of  gum  arable. 
Moisten  the  part  you  mean  to  mark,  with  a  solution  of  one 
drachm  of  pearlashin  about  six  timesas  much  water ;  dry 
it,  and  then  write  with  the  ink.  This  ink  is  used  by  the 
dyers  and  printers  of  cotton  goods  previous  to  bleaching^ 
because  neid)ar  acids  or  alkalies  dischai^  the  stain.    But 
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for  linen  alreadx  whitened  and  made  up,  as  slurts,  tabk 
linen,  &c.  a  solution  of  iron  in  nitixHis  acid  thickened 
with  gum  arabic,  is  just  as  good :  for  although  it  may 
be  discharged  by  the  skilful  application  c^  acids,  k  wiH 
never  wash  out.  Or  a  few  drops  of  the  nitrat  of  atvcr 
may  be  added  to  the  nitrat  of  iron.  The  nitrat  cS  iron 
does  not  require  the  previous  use  of  the  solution  of  pead 
ash,  as  it  b  not  so  corrosive  when  fully  saturated,  as  the 
nitrat  of  silver.  If  linen  be  marked  with  weU^dyed  blue 
diread,  or  with  thread  dyed  a  true  turkey *red,  no  wash- 
ing will  discharge  the  colour. 

PRUSSIAN  BLUE. 

The  methods  of  making  this  pigment  are  kept  secret 
in  England  and  this  country,  I  shall  therefore  present  my 
notes  cm  the  subject  with  remarks  on  the  processes  I  have 
collected. 

I  have  repeatedly  made  it  myself  thus.  Dry  diorough** 
ly  in  an  iron  vessel  and  powder  grossly,  any  quantity  of 
fresh  blood.  Dry  thoroughly  and  po^vder  also  a  quan* 
tity  of  pearl  ash  equal  to  the  powdered  blood.  Mix  thon^ 
and  calcine  them  in  a  low  red  heat  in  a  crucible  with  a 
loose  cover  until  all  smoke  and  flame  ceases  :  then  make 
the  cover  fit  close,  and  calcine  in  a  full  red  or  nearly  white 
heat  for  half  an  hour.  The  crucible  should  not  be  more 
than  two  thirds  full,  as  the  mixtiue  is  apt  to  sweU.  Emp- 
ty the  contents  of  the  crucible  into  warm  water  in  the  pro- 
portion  of  a  quart  to  four  oz.  of  the  mixtuxe.  Pour 
on  again  as  much  warm  water :  mix  and  filter  the  solu- 
tions. Dissolve  of  sulphat  of  iron  (green  vitrid)  and  of 
alum,  of  each  a  quantity  equal  to  one  half  of  the  pearl  a^ 
employed.  Pour  the  solution  of  alum  and  green  vitriol 
mixt  together,  gradually  into  the  solution  of  blood  and 
alkali :  both  solutions  are  better  for  being  warm,  but  not 
Soiiiughot    Stir  it  well.    Let  the  sediment  settle.^    & 
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v^  be  of  a  dirty  greenish  colour :  wash  it.  Then  digest 
it  for  2  (MT  3  days  in  diluted  muriatic  acid,  (spirit  of  salt 
one  part,  water  two  parts.)  The  colour  by  this  means 
gradually  becomes  blue,  because  the  muriatic  acid  dis- 
solves the  yellow  oxyd  of  iron  which  is  not  combined 
iwth  the  prussic  acid.  Wash  it  repeatedly*  Dry  it  on 
chalk  stones,  paper,  linen,  or  any  other  mode  of  draining 
off  the  water.  Spread  it  thin  to  expose  it  to  the  air. 
I  have  kept  the  lixivium  of  blood  and  alkali  (prussiat  of 
potash)  for  a  year  and  a  lialf  in  bottles,  and  used  it  to  make 
Prussian  blue  with  equal  success  as  at  first.  Chippings 
of  hoofs  answer  equally  well  with  blood. 

The  more  alum  is  put  in,  the  more  the  colour  is  dilu- 
ted, but  it  seems  to  be  of  use  also,  to  save  the  muriatic 
acid. 

In  Philadelphia,  hoofs  and  refuse  cuttings  of  leather  arc 
calcined  together  with  potash  in  a  large  iron  vessel,  but  I 
do  not  know  the  propcxtions.  My  own  experiments  per- 
suade me  that  more  than  one  part  or  at  the  most,  one  part 
and  a  half  of  potash,  to  one  part  of  animal  charcoal  by 
weight,  b  too  much :  but  I  believe  the  common  propor- 
lion  now  b  one  part  and  a  half  of  potash.  The  vessel  in 
which  the  mixture  of  solutions  b  made,  should  be  large, 
and  the  solution  of  copperas  and  alum  gradually  added, 
on  account  of  the  effervescence. 

Another.  "  Heat  the  iron  calciner  red  hot;  then  put  into 
it  one  hundred  weight  of  horns  and  25  lbs.  of  pot  or  pearl 
ash,  the  horns  will  immediately  begin  to  smoke  violently ; 
thb  inconvenience  b  considerably  lessened  by  setting  fire 
to  the  smoke  with  a  bit  of  lighted  paper,  it  will  continue 
to  bum  at  the  mouth  of  the  vessel  for  some  hours.  The 
fire  b  to  be  kept  up  or  rather  increased.  In  about  two 
hours  time,  the  horns  will  be  considerably  calcined,  and 
must  then  ,be  fi^uendy  stirred  with  an  iron  poker :  af- 
ter this  has  been  continued  for  a  length  of  time  which  b 
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much  dq)endaiit  on  the  degree  of  heat  employed,  tbe 
matter  begins  to  make  a  con^derabk  l^ing  noise,  it  is 
then  to  be  constantly  stirred  until  it  becomes  fused,  then 
take  it  out  of  the  calcincr  with  an  vron  ladle  and  put  it  in- 
to any  convenient  iron  vessel  to  cooL  If  the  pitxreas  has 
been  properly  conducted,  it  will  appear  in  a  cake  of  a 
dark  dull  green,  the  texture  of  wluch  is  much  fike  liver 
of  sulphur,  Hepar  sulphuris.  This  mass  is  to  be  brokea 
in  pieces,  thrown  into  water  and  left  in  a  covered  vessd  for 
two  days  to  dissolve.  45  lbs.  of  alum  and  15  lbs.  of  green 
copperas  are  dissolved  in  boiling  water  and  left  to  set* 
tie.  The  clear  liquor  is  decanted  and  made  boiling 
hot,  and  the  INiivium  is  likewise  to  be  decanted  and  mixt 
with  the  other  solution  by  putting  ^temately  £6ur  parts 
of  tlie  alum  and  copperas  liquor,  to  one  part  of  the  fix- 
ivium.  Tlie  mixture  is  to  be  well  stirred  on  each  ad- 
dhion  as  an  efiervcscence  will  take  place,  which  without 
that  caution  would  be  likely  to  rise  over  the  sides  of  the 
vessel.  The  prussian  blue  precipitates  of  a  dark  dull 
green,  the  liquor  is  tlien  to  be  drawn  oflf  as  close  asposd- 
bie,  and  more  clean  water  added  :  the  aUutions  are  to 
be  repeated  till  the  precipitate  puts  on  the  appearance  of 
a  very  fine  blue  and  is  thoroughly  edulcorated,  which 
genendly  takes  sixteen  washings ;  it  b  then  to  be  put  on 
filtres,  and  afterwards  to  be  dried  on  chalk  stones. 

(I  have  not  noted  my  authority  for  the  aboive  Teccq)!, 
but  I  believe  it  is  from  the  relation  of  a  nuomiactitfer.) 

Method  of  making  prussian  blue  in  Germany^  by  M* 
Baunachy  Jour,  de  JRos.  mS^pari  \^p.  312. 

Take  the  horns  and  hoo&,  of  animals,  the  waste  ciittiDgs 
of  leather,  the  latter  in  equal  quantity  with  the  former.  H& 
duce  them  to  small  pieces,  put  them  in  a  tubulated  ircxs 
retort,  and  set  thb  in  a  reverberatcry  furnace.  Adopt  a 
hogshead  as  a  itoeiver :    distill  while  aiqr  Aug 
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over.  The  produce  in  the  hogshead  win  be  fetid  oil, 
and  volatile  alkaline  liquor.  The  re^due  in  the  retort  b 
taken  out,  and  broken  to  pieces.  It  is  then  put  into  an 
kon  pot  set  in  brick  work  and  mixed  wdl  with  three  thncs 
ks  weight  of  potash.  They  operate  commonly  upon 
lOlbs.  of  the  coaly  matter,  and  301bs.  of  fixed  alkali.  The 
pot  is  heated  gradually  iac  an  hour ;  then  the  heat  is  rais- 
ed till  the  contents  are  fused.  This  operation  lasts  12 
hours,  ^  matter  is  kept  stirred  all  the  time  with  an  iron 
rod,  when  the  matter  thus  fused  ^ves  out  a  smell  of  liver 
of  sulphur,  it  is  drawn  red  hot  from  the  pot,  thrown  into 
water  and  boiled  therein  for  half  an  hour.  It  is  dien  pour- 
'  ed  off  and  fresh  water  boiled  upon  it  to  extract  all  the  ley, 
which  is  filtered  through  cloth.  Four  parts  of  alum  and 
mie  of  green  vitriol  are  then  dissolved  together  and  filter- 
ed. This  is  precipitated  by  the  W,  and  the  precipitate 
left  to  dry. 

Some  manufacturers  proceed  tlius.  Take  6lbs.  par- 
ings of  skirls ,  as  much  hoof  and  horns  cut  small :  add  lOlbs. 
potash  :  put  them  in  an  iron  pot :  let  them  macerate  co- 
vered witli  water  for  8  days,  evaporate  the  water :  put  the 
mixture  in  a  large  iron  pot,  in  which  you  have  previously 
dissolved  21bs.  of  crude  tartar.  Continue  the  fire  till  the 
substances  are  perfectly  calcined :  lixiviate.  Then  dis- 
solve 5lbs.  green  vitriol  and  ISlbs.  of  alum  water,  and 
put  this  solution  and  the  ley  togetlKT. 

The  objection  I  have  to  the  above  recipes,  is  that  the 
quantity  of  alkali  is  too  much  for  the  animal  matter, 
and  the  alum  and  copperas  also  in  too  great  proportion, 
but  they  bear  the  stamp  of  actual  processes.  M.  Bau- 
nach's  method  of  saving  die  volatile  alkali  seems  to  be 
economical,  but  I  doubt  whether  there  be  not  a  loss  of 
prussic  acid. 

The  cheapness  of  hoofs,  horns,  and  leather  clippings 
in  Philadelplua,  makes  this  manufacture  a  desirable  one 
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to  be  carried  on  there.  In  En^and,  thede  articles  are  3 
or  4  'times  the  price,  and  the  alkali  also  is  much  dearer. 
The  actual  process  in  Philadelphia  is  not  essentially  difier- 
ent  from  those  above  described :  the  hoofs  are  calcioed  in 
^  iron  pot :  potash  is  added  and  calcined  in  a  stroi^heat 
with  the  charcoal  of  the  hoofs :  the  mixture  is  washed  in 
hot  water,  and  a  mingled  solution  of  green  copperas  and 
alum  is  gradually  added.  The  dirty-coloured  masSi  is 
cleared  by  digesting  it  with  dilute  vitriolic  or  marine  acids, 
of  which  I  am  persuaded  tlie  latter  is  the  best.  The  actu- 
al proportions,  as  it  was  improper  for  me  to  enquire,  I  am 
unable  to  communicate.  My  own  opinion  is,  that  om 
part  and  a  half  of  alkali  to  one  part  of  animal  charcoal 
(that  is  after  the  blood,  the  hoofs,  the  horns,  and  the  lea- 
ther  are  charred)  and  one  part  and  a  half  of  green  vitrid 
and  as  much  alum,  are  enough  for  a  fine  colour.  The 
colour  is  never  perfect  till  after  a  few  days  exposure  t» 
the  air. 

Experiments  arc  wantingto  shew,  1st.  WhatproportioH 
of  potash,  the  animal  charcoal  can  saturate.  21y.  VkYax 
proportion  of  sulphat  of  iron,  the  prussian  alkali  can  pre- 
cipitate. Sly.  Whether  the  prussian  alkali  throws  down 
the  iron  or  the  earth  of  alum  in  preference,  and  in  what 
proportion.  41y.  Whether  the  alum  contributes  to  dis- 
solve the  yellow  oxyd  of  iron. 

It  appears  to  me,  tliat  alum  has  the  following  uses :  it 
is  thrown  down,  not  by  the  prussiat  but  by  the  carbonat 
of  potash,  and  therefore  prevents  much  of  the  yellow  oxyd 
of  iron  from  being  precipitated :  it  adds  to  the  body  aixl  to 
the  brilliancy,  and  to  die  cheapness  of  the  colour,  but  not 
to  the  depth  or  intensity  of  it. 
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COLCOTHAR:    CROCUS   MARTIS:  SAF- 

FRON  OF  MARS. 

This  is  ail  oxyd  of  iron,  made  red  by  exposing  it  tQ 
heat,  and  used  for  polishing  brass  and  iron  utensils,  and 
making  razor  straps.  It  is  made  thus.  Take  green 
vitriol  and  calcine  it  alone  in  a  heat  sufficient  to  drive  off 
all  the  water  and  acid.  It  tlien  becomes  a  bro\vnish  red 
substance  which  must  be  washed,  levigated  and  sifted. 

Or,  green  vitriol  is  precipitated  by  carbonat  of  potash 
(pearl  asli)  the  precip  tate  washed,  dried,  and  calcined  till 
it  becomes  red,  is  then  levigated  and  sifted.* 


DR.  ALLISON'S  PATENT  SPINNING  MACHINE. 

The  annexed  plate  exhibits  a  perspective  view  of  a  very  portable 
machine,  chiefly  designed  for  spinning  w  ool ;  invented  and  patent* 
ed  by  the  rev.  doctor  Allison,  of  Burlington,  New  Jersey.  The  prin- 
cipal object  of  the  inventor  was  to  facilitate  domesdc  manufactory, 
literally ;  or  that  of  private  families.  The  machine  is  exceedingly 
simple  in  its  construction,  occupies  very  little  room,  is  readily  ma- 
naged, and  has  already  been  introduced  into  several  farm  houses, 
where  it  is  found  to  answer  all  the  purposes  designed  by  it.  Al- 
though principally  designed  for  wool,  yet  it  is  found  that  it  will 
spin  cotton  when  carded  into  rolls,  with  great  &cility. 

Explanation  of  the  filate.  A,  B,  The  frame  or  body  of  the  ma- 
chine, with  the  spindles  S  S,  which  are  turned  by  bands  passing 
round  their  whirls,  and-  over  the  cylinder  C  C.  Five  of  the 
spindles  are  represented  with  yarn  on  them,  and  tlie  other  five 
witliout  any,  so  as  to  shew  the  wooden  skeefs  or  case,  into  which 
the  steel  spindles  are  finnly  inserted.  At  tlie  lower  part  of  the 
skeefs  are  small  drcular  pieces  of  wood,  tin,  &c.  called  sluffs, 
S  S  slipped  loosely  on  the  skeefs,  to  form  the  cops  or  broaches 
of  yam  on«->D  is  a  small  wooden  roller,  supported  by  gudgeons 
which  play  in  the  two  pieces  which  project  from  the  posts.  Near 
eiu:h  end  of  D  is  a  small  wire  w,  suppoiting  a  light  rod  r,  which 

•  One  hur.clred  parts  of  iron,  yield  abotit  145  purts  of  rcdoxid^. 


N 
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acts  as  a  traverse  rod  to  distribute,  the  3rai*n  on  the  spindles  asthef 
are  windinp;  up;  Ihis  rod  is  vorkcd  by  the  foot  by  means  of  a 
coixl,  near  one  end,  wound  round  it,  and  descending  to  the  foot- 
piece  E«  and  is  thro>vn  back  ag^in  by  a  smaH  pea,  or  balance  weif^hty 
near  the  conncclinj^  cord,  when  the  pressure  of  the  foot  is  taken 
off  tlie  foot-piece— P  A^  arc  upright  posts  which  support  the  swing 
H  R  by  two  scrcw-pintt,  passing;  througli  the  upper  part  of  them. 
V  is  a  clatnp  or  slide,  at  tlie  lower  part  of  the  swing,  which  slide 
is  raised  by  tuniin$^the  handle  H  nnd  itspully,  round  which  a  cord 
passes  and  connects  with  the  frame  of  tlie  slide.  I  I,  is  a  fi-ame 
belt  wed  to  the  sides  of  tl.e  svirg,  by  iion  straps,  and  carries  two 
ruliers,  round  which  the  feeding  cl(>t]'.  K  moves.  The  roller  nc3ct 
the  clamp,  has  a  fnction  wheel  at  each  end,  and  is  supported  by 
two  levers L  L,  which  work  oii  piLS  ut  the  sides  of  the  frame  II; 
and  are  attached  by  strings,  going  from  the  front  end  of  the  lever, 
to  the  slides  lothat  they  rihc  and  f:tll  with  it.  G  G  are  two  gage 
^rops  moveable  on  the  posts  P  Q,  so  as  to  set  them  to  spin  finer 
or  coarser.  W,  is  a  counter  balance  weight  of  cast  iron,  to  les- 
sen the  labour  of  throwing  out  the  swing.-— The  size  of  a  machine 
of  ten  spindles  Is  about  three  feet  long  and  two  wide  ;  the  upright 
posts  are  six  feet  high ;  and  the  awing  answerable  to  tiie  oUier 
paits. 

When  the  machine  is  to  be  used :  the  wool  must  be  well 
carded  into  rollsy  by  a  carding  machine ;  and  laid  evenly  on  tht 
feeding-cloth,  with  one  end  under  the  clamp  or  slidei  which  be* 
ing  fitted,  by  tongues  into  the  grooves  of  the  under  part,  holdp 
the  roils  firm.  A  small  ^ece  cf  the  end  of  the  rollst  next  tiie 
spindles,  must  be  drawn  and  twisted  by  the  fingers,  so  as  to  tie 
them  to  the  yam  on  the  spindles.  Then  with  your  right  hand 
gn'sp  the  handle  of  the  main  wheel,  and  with  your  left  the  han- 
dle of  the  swing :  turn  the  handle  of  the  swing  so  as  to  raise  the 
slide,  which  will  press  the  friction  wheels  up  against  the  gage- 
stops,  and  turn  the  front  roller  so  as  to  bring  forward  the  feeding 
cloth  as  you  push  out  the  swing ;  until  the  stops  on  the  levers  L  L 
strike  against  the  projecting  part  of  the  gage-stops  G  G,  and  pre- 
vent the  stnng  from  going  out  until  you  let  the  slide  fall,  which 
will  confine  the  given  length  of  the  rolls.  Before  you  proceed 
further  to  throw  out  the  awing,  gently  turn  the  wheel,  so  as  ta 
give  a  sligiit  twist  to  the  roll  to  strengthen  it  for  drawing :  thcM 
with  your  left  hand  push  out  the  swing,  and  with  your  right  turn 
the  wheel  moderately,  until  y«.u  have  drawn  out  the  yam  to  the 
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lenglh  determined  on  for  each  stretch,  and  then  give  it  the  re* 
quired  twist.  Previous  to  your  returning  the  swing  for  winding 
np  the  yam,  gently  turn  the  wheel,  a  very  small  distance  back- 
ward, to  unwind  the  yam  a  little  way  from  the  spindle,  then  tread 
on  the  foot  piece  which  will  cause  the  traverse  rod  to  distributft 
the  yam  down  the  spindle  so  as  to  form  your  (torn)  you  are 
returning  the  swing  with  one  hand,  and  the  spindle  with  the  other^ 
to  wind  up  the  stretch  that  had  been  spun.  When  the  foot  is 
raised  from  the  foot-piece,  the  pea,  or  small  balance  weight  from 
tne  roller  D,  will  return  the  traverse  rod  to  its  place. — Siiould  a 
strand  break  in  pushing  out  the  swing,  do  not  stop  to  nend  it  un- 
til you  have  returned  the  swirig,  and  then  tye  it— A  little  pric- 
tice  will  render  the  use  of  the  machine  familiar  and  easy  ■■  ■  A 
child  may  be  employed  to  piece  the  rolls* 
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(  Concluded  Jrom  fiage  303.  J 

These  experiments  show  the  extreme  facility,  with  which  the 
oxydes  of  lead  are  reduced,  and  the  obstacle  that  carbcMiic  acid 
opposes  to  this  reduction. 

As  these  first  attempts  did  not  afford  me  the  result  I  sought, 
I  availed  myself  of  an  old  experiment  of  Huyghens,  who,  in  1672| 
put  some  earth  into  a  bottle,  corked  it  up,  and  found  it  produce 
such  a  quantity  of  plants,  as  almost  to  fill  the  bottle,  without  hav- 
ing had  any  fresh  idr  admitted  to  it.  Accordingly  I  procured  six 
large  fiint  bottles,  most  of  which  were  square :  filled  them  in  part 
with  very  fine  white  sand,  which  I  deprived  of  all  calcareous  earth 
by  washing  with  weak  muriatic  acid  ;  and  moistened  tliis  with  dis- 
tilled  water.  The  remainder  of  the  bottle  was  filled  with  atmos- 
pheric sdr  freed  from  carbonic  acid. 

In  these  bottles  lianng  sowed  460  seeds  of  white  mustard,  J  ^ 
closed  them  very  accurately,  and  placed  them  a  few  inches  deep 
in  a  moist  soil.     Vegetation  soon  commenced,  and  considerable 
verdure  was  produced.*    After  six  weeks  growth  my  plants  were 

*  It  nay  be  supposed,  that  these  seeds  did  not  germinate  with  as  much 

'vigour^  as  if  in  the  opea  air.    This  however  1  do  not  think  must  be  ascribed 

(D  the  want  of  ooKygens  for  liy  trial  of  the  air  with  a  suiphucet  before  an^ 
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liberated  from  their  prisons,  washed  with  ^tcmX  care,  and  dried. 
In  this  state  they  weighed  9  g;rani.  [140  grs.]  I  filled  a  plual 
with  them,  which  terminated  in  a  narrow  tube,  and  exposed  it 
gradually  to  a  strong  heat  Thus  I  obtained  4  grammes,  8  dec. 
[74  grs.]  of  coal.  But  as  I  supposed  this  coal  might  still  coDtaia 
a  little  sand,  I  incinerated  it,  and  found  3  gpr.  3  dec.  [5 1  grs.]  of 
alkaline  ashes.  Consequently  there  was  \\  gr.  [23  grs.]  of 
pure  carbon. 

In  a  very  small  ressel  I  distilled  460  white  mustard  seeds, 
and  from  tliis  highly  hydrogenated  seed  I  obtained  only  4  gr. 
[62  grs.]  of  coal,  which  lost  near  half  its  weight  by  calcination^ 
Hence  it  follows,  that  460  mustard  seeds  acquired  in  close  ves- 
sels upwards  of  a  gramme  [15^  grs.]  of  pure  carbon,  which  ap- 
peared evidently  to  have  been  formed  at  the  expense  of  water,  and 
probably  of  light.t 

Geological  facts  too  seem  to  shake  that  theory,  which  ascribes 
the  carbon  found  in  vegetables  to  the  small  quantity  of  carbonic 
acid  contsdned  in  the  atmosphere.*  How  indeed  can  so  small  a 
portion  of  this  acid,    scarcely  amounting    to  a  ten  thousandth 

after  the  ezperimenty  its  proportions  appeared  to  be  nearly  the  same.  This 
is  agreeable  to  the  experiments  of  Hassenfratz,  who  convxnoed  himself, 
that  plants  do  not  diminish  the  quantity  of  osygen  in  a  confined  atmosphere: 
and  I  am  iniclincd  to  th'mk,  that  oxygen  acts  on  plants  merely  ss  a  stimulant, 
which  is  not  indispensible,  for  Homberg  found  different  seeds  germinate 
in  the  vacuum  of  an  air-pump.  The  principal  cause  that  prerents  the  com- 
plete developement  oi  plants  in  close  vesseb,  appears  to  me  to  be  owing 
to  their  abundant  perspiration,  which  throws  out  the  excrementitious  flu- 
ids, that  are  so  fatal  to  them  e^en  in  the  open  air,  as  to  render  a  certain 
space  among  their  neighbours  necessary  to  their  vigorous  growth, 

t  To  satisfy  myself,  that  plants  can  appropriate  to  themselves  the  ele- 
ments of  water,  so  as  to  constitute  their  different  nuterials,  only  by  their 
own  organic  action  combined  with  that  of  light,  I  caused  a  £^ven  quantity 
of  seed  to  grow  in  compleat  darkness,  and  at  the  common  temperature  of 
the  air.  They  shot  out  long  white  filaments,  at  the  extremity  of  which 
were  the  two  seminal  leaves  ;  but  nothing  more  appeared.  Af^  desicca- 
'  tion  tliese  plants  weighed  less  than  the  seeds  whence  they  sprung :  which 
appeared  to  be  owing  to  iheir  having  lost  carbon  in  this  languishing  stale, 
instead  of  acq>iiring  it. 

But  the  mode  of  action  of  light  on  vegetables  remains  yet  to  be  knowBk 
It  appeal's  however,  that  it  enters  into  coml)ination  with  them,  and  that  to 
tins  conibinnllon  is  owing  the  green  colour  of  their  leaves,  and  the  variety 
of  hues  ndniircd  in  their  flowers.  Yet  Mr.  Humboldt  has  found  green 
;>liir.t5:  i^mwinc:  in  d'ipp  ;vnd  dark  mines,  tlic  atmosphere  of  which  contained 
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part  of  the  air,  explain  the  formation  of  those  vast  mines  of  pit- 
coal,  which  still  retains  the  marks  of  those  org^izcd  substances 
whence  it  originated,  and  the  organic  origin  of  which  is  suiiici* 
ently  announced  by  its  composition  of  carbon,  hydrogen,  oxigeni 
and  azote  ?  But  without  appealing  to  these  ancient  productions 
of  the  vegetable  kingdom,  buried  in  the  earth  in  such  abundance, 
wc  need  only  cast  an  eye  on  its  surface,  to  satisfy  ourselves  that 
nature  must  have  taken  other  steps  to  produce  carbon. 

On  the  other  hand,  if,  in  the  silent  progress  of  vegetation,  tlie 
elements  of  water  concur  with  the  solar  light  to  produce  char-> 
coal  by  intimate  combinations  unknown  to  us,  charcoal  ought  to 
contain  hydrogen  likewise ;  and  this  is  continued  by  experience. 

If  charcoal  strongly  calcined  be  urged  in  the  fire  with  a  sub- 
stance that  has  an  affinity  for  hydrogen,  the  charcoal  is  partly 
decomposed,  and  hidrogurcttcd  products  are  obtained.  Mr.  Bcr- 
thollet  mixed  30  gr.  [460  grs.]  of  charcoal  calcined  in  a  forge 
fire  with  20  gr.  [309  grs.]  of  sulphur,  and  by  distillation  in  a 
porcelain  retort  obtained  more  than  100  cubic  centim.  [391  lines] 
.of  sulphuretted  hydrogen  gas :  and  it  appears  to  me  to  be  pro- 
bable, that  if  the  experiment  were  frequently  repeated  with  the 
eame  charcoal,  it  might  be  totally  decomposed,  a  fact  that  it  would 
be  interesting  to  verify. 

If  oxigen  in  the  state  of  gas  be  presented  to  the  charcoal  in- 
stead of  sulphur,  water  is  formed,  as  is  proved  by  the  experi- 
ments of  Lavoisier  on  the  combusdon  of  charcoal,  as  well  as  by 
those  of  Mr.  Hassenfratz :  and  analogous  results  are  obtainable 
with  metallic  oxides,  according  to  the  observations  of  Cruikshank. 

It  even  appears  from  tlic  nice  investigations  of  Messrs.  Biot 
and  Arrago  on  the  refractive  power  of  bodies,  that  the  diamond, 
which  has  hitherto  been  considered  as  pure  carbon,  must  cojw 
tain  a  large  quantity  of  hydrogen,  which  has  the  greatest  refrac- 
tive power  of  any  substance  yet  obser^'ed  in  nature.  These  gen- 
tlemen intend  to  verify  their  conjecture  by  direct  experiments, 
from  which  very  interesting  results  may  be  expected.  The  ex- 
istence of  hydrogen  in  the  diamond  has  been  announced  from 
other  facts  by  Mr.  Winterl. 

From  the  chief  facts  that  have  been  here  mentioned,  it  follows : 

ft  great  deal  of  hydrogen.  Does  not  this  fact  indicate  tomctliing  common 
between  hydrogen  and  light,  particularly  when  we  observe,  that  these  two 
fluids,  the  lightest  in  nature,  seem  likewise  to  pmdace  uuUogousefiecUoa 
«ome  metallie  oxides  and  Mlt9  ? 
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1.  Tliat  vegetables  find  in  pure  water  every  thing  necessarf 
for  them  to  assimilate. 

3.  That  vegetable  mould  in  a  state  of  compleat  decay  cootains 
nothing  soluble,  and  can  only  supply  plants  with  water,  which  it 
retains  abundantly  in  a  certain  state  of  division  adapted  to  their 
nourishment. 

3.  That  vegetables  can  grow  in  any  substance,  provided  it  have 
no  action  on  them,  and  be  perfectly  insoluble  in  water. 

4.  That  the  organic  powers  assisted  by  the  solar  light,  developes 
hi  plants  substances  that  have  been  deemed  simple,  as  earthSi  a]« 
kalies,  metals,  sulphur,  phosphorus,  charcoal,  and  perhaps  too 
nitrogen,  that  probably  will  no  longer  continue  to  be  the  limiti 

at  which  chemical  analyds  will  stop. 

5.  Thatoxigen,  hydrogen,  and  fire  appear  to  be  the  only  ele- 
mentary substances,  tliat  serve  to  constitute  the  universe. 

6.  Lastly,  that  nature,  in  its  simple  course,  produces  the  most 
various  effects  by  the  slightest  modifications  in  the  means  it  tw 
ploys. 


J^IacMiie  for  beating  out  Hcmfi  Meed  and  Flax  aeedy  bif  Ezekicl 

Cleall.    33  Mch.  Jour.  16. 

SIR, 

The  machine  of  which  a  model  was  sent  to  the  society  some 
isionths  ago,  must  be  used  with  eight  flailaii  two  on  each  arm,  for 
beating  out  hemp  seed. 

When  required  to  be  used  for  beating  out  flax  seed,  the  above 
eight  fisdls  must  be  taken  out,  and  four  beaters  put  in  their  place. 

The  height  of  the  machine  from  the  floor  to  the  top  of  the 
board  on  which  the  flax  or  hemp  is  laid,  is  two  feet ;  the  breadth, 
two  feet  ten  inches ;  the  length  of  tlie  board,  four  feet  four  inches ; 
the  length  of  each  of  the  arms,  from  the  axis  of  the  machine,  is 
three  feet  two  inches ;  the  flails  for  the  hemp  seed,  two  feet  tiro 
inches  long;  the  heights  of  the  uprights,  seven  feet  two  inches; 
the  beaters  for  the  flax  seeds,  are  each  one  foot  tlirec  inches  long, 
and  seven  inches  broad. 

The  machine  will  thrash,  in  one  day,  as  much  hemp  as  grovni 
on  ai;  acre  of  l;md,  and  other  crops  in  proportion ;  and  the  wori  is 
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4oDe  with  less  than  half  the  expense  of  thrashing  in  the  usual  way. 

I  am,  Sir,  your  obedient  servant, 

EZEKIEL  CLEALU 

Mtfetenee  to  the  Engraving  of  Mr.  CleaWa  machine  for  beating 
9UtHemfi  9eed9  and  Flax  Seeds.  PL  II.  Fig.  1,  2. 

Fig.  I.  Represents  the  machine  for  beating  out  hemp  seeds^ 
an  which  A  is  the  table  or  board  on  which  the  hemp  is  to  be 
placed ;  B  the  axis  in  which  the  four  arms  CCCC  are  fixed  ; 
DDDD)  eight  single  flails,  moving  upon  four  pins  near  the  extre- 
mities of  the  four  arms ;  these  flails  diverge  from  the  pins  on 
which  they  move^  so  that  two  of  them  united  on  each  arm  are  near* 
ly  in  the  form  of  the  letter  V.  £  is  the  winch  or  handle  by  which 
the  machine  is  put  in  motion ;  F  F,  two  upright  pieces  of  wood 
to  sustain  the  axle  of  the  machine ;  G,  an  upper  cross  piece,  to 
-secure the  uprights  firm ;  H  H,  the  two  bottom  pieces  or  sills,  in 
which  the  two  uprights  are  mortised,  also  the  two  nnaller  up- 
rights which  support  the  board  or  table  A ;  I  I,  two  lower  cross 
pieces  to  secure  the  machine  firmly ;  K  K,  two  levers  on  which  the 
table  A  rests,  and  by  which  it  may  be  rsdscd  or  lowered,  as  thought 
accessary,  by  iron  pins,  at  K  K,  passing  through  these  levers  and 
the  two  uprights. 

When  the  machine  is  used,  the  hemp  must  be  laid  on  the  ta- 
l>le  A,  and  moved  about  in  difi*erent  directions  by  the  person  who 
holds  it,  whilst  anotlier  person  turns  tiie  machine  by  die  handle  E ; 
the  flails  D  of  the  machine  fall  in  succession  on  the  hemp ;  as  the 
axis  moves  round  they  beat  out  the  seeds  as  different  surfaGc:i  of 
the  hemp  are  exposed  on  the  table,  and  when  the  seeds  uro  all 
beaten  out  from  one  parcel  of  hemp,  a  fresh  quantity  is  applied 
upon  the  table. 

Fig.  3.  Represents  one  of  the  flax  beaters,  which  is  made  oCa 
•olid  piece  of  wood,  one  of  which  is  attached  instead  of  tlic  two 
flails,  to  every  arm,  when  the  machine  is  employed  for  bcatin||^  out 
flax  seeds,  as  they  require  more  force  to  separate  fheni  from  the 
flax  plant. 

Machine  for  breaking  Hemfi^  by  IV,  Bondy  Esq,  of  Canada.  Ibid.  1(|. 

In  all  new  c6untries  where  labourers  are  scarce,  we  find  many 
contrivances  calculated  for  the  purpose  of  reducing  labour,  more 
for  the  sake  of  expedition  than  ease;  such,  for  instance,  as  the 
eaw  mill)  the  hoci  ploughs,  scythe  aiul  cradle  for  cutting  and  ga- 
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thering;  grain,  the  wooden  machine  (drawn  round  by  one  hotte) 
for  thrashing  grain,  the  iron  shod  shovel,  drawn  by  oxen,  and  held 
by  two  handles,  as  a  plough,  for  the  purpose  of  levelling  the  roftds, 
&c.  Nor  are  the  Americans,  or  other  settlers  in  this  countiy, 
fond  of  any  work  that  needs  violent  exercise  of  the  body  \  which 
the  breaking  of  hemp  in  the  old  way  certainly  occasions,  in  coosc' 
quence  of  requiring  a  cross  motion  of  the  arm,  which  makes  the 
breakers  complain  of  a  pain  about  the  short  ribs  on  the  side  thff 
hold  the  hemp ;  and  on  the  opposite  side  a  little  Under  the  shoul- 
ders, so  that  breaking  of  hemp  in  the  old  way  ia  a  great  obstacle 
toils  increased  culture.  To  render  labour,  therefi>re^  somewhik 
more  easy  and  expeditious,  is  an  object  worthy  flic  first  attentiooi 
and  I  conuder  it  practicable  at  a  small  expense,  and  bare  sent  to 
the  society,  a  model  of  a  machine  for  this  purpose. 

I  have  observed  among  the  clothiers*  and  fullers'  machinery, 
great  power  and  rapid  motion  procee^ng  from  what  is  commonly 
called  a  dash  wheel,  erected  across  a  stream  of  rapid  water,  the 
flies  or  float  boards  of  which  arc  fixed  in  the  octangular  axis,  from 
fifleen  to  twenty-five  feet  in  length,  and  from  three  and  a  half  m 
depth,  each  fly.  I  have  seen  many  com  mills  in  Upper  Canada^ 
with  no  other  water  wheels  than  such  as  the  above  described,  which 
save  a  vast  expense  in  raising  dams,  £cc. 

There  are  a  number  of  streams  in  that  part  of  Canada,  which 
I  have  endeavoured  to  describe,  (as  to  the  practicability  of  the  va- 
rious ways  of  cultivation)  that  are  well  calculated  for  such  wheels; 
and  where  these  streams  or  rivers  are  not  too  wide,  the  axis  of  the 
wheel  might  be  extended  across  so  as  to  reach  the  land  on  each 
8ide,whcre  I  propose  the  breakers  to  be  fixed  to  go  by  a  tilt  the 
same  as  a  forge  hammer.  Such  a  simple  piece  of  machinery  would 
not  cost  more  than  70  or  80  dollars,  as  little  iron  would  be  li^-anted, 
and  timber  we  have  for  nothing ;  and  when  in  motion  would  em- 
ploy four  breakers  and  two  servers,  from  whom  I  should  expect  as 
much  good  work  as  fifteen  or  sixteen  persons  could  possibly  do  in 
the  old  way,  and  that  without  much  bodily  labour. 

Mills  for  breaking  hemp,  on  the  very  same  principle  as  that 
of  a  saw  mill,  as  to  motion  only  an  addition  of  an  iron  crank,  so  as 
to  run  with  t^'o  cranks  instead  of  one,  widi  something  of  a  larger 
sweep  than  that  of  a  saw  mill,  would  be  of  vast  utility  in  a  neigh- 
bourhood of  a  large  growth  of  hemp,  and  would  not  cost  more  than 
a  common  saw  mill.  As  the  breaks  of  the  frame  continue  in  motion 
the  same  as  that  of  a  saw  mill,  twenty  men  might  be  employed^  who 
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would  do  as  much  as  fifty  or  sixty  could  do  in  the  old  way,  and  with 
mucb  more  ease  and  pleasure  to  themselves ;  and  this  is  not  tlie  on- 
]y  advantage  that  would  result  from  such  mills ;  it  would  cause 
something  of  a  social  meetings  which  tlic  youtli  would  be  particu- 
larly f(Hid  of.  At  such  meetings  all  the  defects  respecting  the  cul- 
ture and  management  of  hemp  would  be  examined  into,  and  those 
'  who  ndsed  the  best  woold  become  ambitious^  and  try  to  excel  each 
other ;  thus  wq  might  reasonably  expect,  that  Upper  Canada  would 
Jar  exceed  all  oither  countries  in  the  world  for  the  growth  of  good 
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Hemfi.     Plate.  Fig.  3,  4,  5. 

Fig.  3.  a  represents  the  axis  of  a  water  wheel,  on  which  is 
fixed  a  trunnion  of  four  lifters  bb  hh^  each  of  wliich  lifters  raises 
in  succession  a  lever  c,  which,  by  means  of  a  chain  connected  with 
it,  pulls  down  another  lever  (/,  and  thereby  raises  the  upper  part 
of  the  double  brake  e.  As  each  lifter  of  the  trunnion  passes  the 
lever  c,  it  allows  the  upper  part  of  the  brake  to  fall  upon  the  hemp 
placed  on  the  lower  part, of  the  brake /y,-  and  by  its  weight,  and 
teeth  intersecting  the  teeth  of  the  lower  brake. /*./",  the  woody  parts 
of  the  hemp  plant  arc  separated  by  repeated  strokes  from  the  ii la- 
ments or  fibres  of  the  hemp  proper  for  us'^.  This  completes  the 
first  operation  necessary  in  the  preparation  of  hemp,  g  is  a  table 
on  which  tlie  woo<ly  parts  of  the  heihp  fall,  and  wliich  gives  secu- 
rity and  litreivj^th  to  the  frame ;  hhhh  arc  the  four  legs  or  supports 
i»f  the  frame. 

Fig.  4.  sho'ws  a  section  of  the  teeth  of  one  half  of  the  double 
•    In^e  above  mentioned :  it  is  betwixt  the  upper  and  lower  rows 
of  tliesc  teeth  that  the  breakinpj  of  the  hemp  lakes  place,  by  the  re- 
peated rise  and  fall  of  the  upp  -r  part  of  the  brake  ii;^'):i  it. 

Fig.  5.  shows  the  upper  part  of  the  brake,  \\\  wiiich  ii  shows 
the  two  rows  of  teeth,  ^  A:  the  two  pins  on  whic!i  it  is  moved, /the 
part  fo  which  the  chain  which  raises  the  upper  part  of  the  brake  is 
attached.  After  the  bi*eaking  of  the  hemp,  it  is  w!u)lly  finished  for 
use  by  scutching  or  swingling,  an  operation  which  maybe  cither 
performed  by  t!ie  ttand  or  machinery,  and  is  easily  executed  by  ei- 
ther mode. 

The  m-.ichinery  for  breaking  hemp  should  be  removed  from  the 
rivers  previous  to  tiie  beginning  of  the  IVcsts.. 
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It  is  now  ascertained  in  England,  that  manufactories  can  be 
lighted  cheaper,  more  conveniently,  more  neatly  and  more  safelyt 
by  means  of  the  inflammable  gas  from  pit  coal  than  by  any  other 
means.  I  do  not  believe  that  the  act  of  extracting  and  burning 
this  gas,  is  in  a  state  sufficiently  advanced  as  yet,  to  render  it 
eligible  for  lighting  dwelling  houses.  But  the  manu^ctories  of 
New-England,  of  Philadelphia,  of  Pittsburgh,  may  use  it  wiUi 
profit — it  may  be  used  for  theatre s-»-^<and  (as  I  am  persuaded) 
for  a  great  deal  of  the  kitchen-cookery  of  large  taverns  in  sum- 
mer time.  It  has  not  yet  been  applied  in  lieu  of  steam,  as  t 
moving  power  in  fire-engines,  but  I  think  it  will  be. 

In  this  country,  every  suggestion  that  brings  forward  the  im- 
poitance  of  coal  to  tlie  public  view,  is  of  moment :  we  know  lit- 
tle of  its  value  in  Pennsylvania  as  yet.  All^  aUj  the  superior 
wealth,  power,  and  energy  of  Great  Britain,  la  founded  on 
coal  mhics.  Coal  mines  produce  manu&ctories ;  manufactories 
produce  canals,  turnpike  roads  and  rail  ways;  these  produce 
communication  of  interest,  knowledge,  and  improvement  all  over 
the  kingdom.  Where  coal  mines  are,  there,  and  there  only  will 
manufactories  flourish.  Manufactories  produce  division  of  la- 
bour, corpcSral  and  mental  energy ;  they  banish  idleness;  they  pro- 
duce perpetual  demand  for,  and  bring  uito  play  chemical  science, 
and  the  science  of  machmcry.  They  have  produced  a  class  of 
men  almost  peculiar  to  England,  the  civil  eng'ineertj  to  whom 
the  country  has  been  more  indebted  than  to  any  other  class  of 
citizens,  dependant  on  tlieir  talents  for  their  living.  All  rests 
upon  coal. 

Coal  may  be  classed  under  two  great  divisions ;  the  coal  that 
burns  with  smoke  and  flame,  bituminous  coal  v  and  the  coal  that 
dues  not  bum  with  smoke  and  flame :  stone  coal,  glance  coal, 
ant.u^cite,  graphite  coal.  All  tlie  coal  to  the  west  of  the  west 
braiicli  of  the  Susquehanna,  is  bituminoua  coal ;  this  will«^eld 
abundance  of  carburcttcd  hydrogen  gas,  and  will  charr  or  coke. 
l\.c  coal  cast  of  the  north  east  branch  of  Susquehanna,  bums 
without  smoke,  with  little  flame,  contains  no  bitumen,  abounds  in 
carbon,  and  is  an  anthracUc 

I  present  the  reader  with  Uic  two  most  approved  methods  of 
obtaining  the  inflanunablc  carburettcd  hydrogen  from  pit  coal. 
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Destrihtion  of  an  Afiftaratu^  for  making  carhurctted  Hydrogen 
Gaafrom  Pit  CoaU  and  lighting  Alanufactorie a  'with  it.  By  Mr. 
Samuel  Clecg,  of  Manchester.     23.  ^fich.  Jour.  85. 

Dear  Sir, 

When  your  son  was  in  Manchester,  he  called  to  sec  my  ne- 
phew, Samuel  Clcgg's  improved  gas  lights,  and  was  desirous  to 
have  a  plan  of  his  method,  which  my  nephew  promised  him,  and 
I  undertook  to  get  it  conveyed  to  you,  I  have  accordingly,  taken 
the  opportunity  of  sending  to  the  Society  of  Arts  a  plan  and  ex- 
planation of  his  apparatus. 

He  lighted  a  large  manufactory  in  Yorkshire  some  years  ago 
upon  this  principle,  and  has  since  lighted  some  buildings  in  this 
neighbourhood,  and  I  believe  he  is  the  first  person,  who  succeeded 
in  rendering  these  lights  free  from  the  offensive  smell  which  gene- 
rally accompanies  them.  My  nephew  served  an  apprenticeship  to 
Messrs.  Boulton  and  Watt,  of  Birmingham,  in  the  steam  engine 
business,  in  which  he  is  now  engaged  here  on  his  own  account^ 
and  has  made  considerable  improvements  in  their  construction. 

I  remain,  dear  Sir, 

Your  most  obedient  servant, 

ASHWORTH  CLEGG. 

Manchestery  May  18,1808. 

SIR, 

Y;our  esteemed  favour  I  have  received,  and,  according  to  your 
request,  have  sent  you  a  fuller  explanation  of  Uie  gasometer  and 
lamp,  accompanied  with  faithcr  drawings. 

-    A   gasometer,   containing  seven  hundred  cubical  feet  of  gas^ 
'Veighs  about  twenty  hundred  weight,  and  costs  about  two  pounds 
ten  shillings  the  hundred  weight. 

The  whole  of  an  apparatus  complete,  capable  of  supporting 
forty  lamps  for  four  hours,  each  lamp  affording  light  equal  to 
ten  candles  of  eight  in  the  pound,  will  cost  about  two  hu  ndredand 
fifty  pounds.  Each  lamp  consumes  six  cubical  feet  of  g^s  per  hour. 
I  am  happy  to  find,  that  the  Society  have  honoured  my  commu- 
nications witli  their  attention,  and  I  remtun,  with  great  respecti 

SIR, 

Your  most  obedient  servant, 

S,  CLEGQ. 

Manchester^  Aug.  \2^  1808. 
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It  is  now  asccilaincd  in  England,  that  manufactories  can  be 
lighted  clicapcr,  more  conveniently,  more  neatly  and  more  safclyt 
by  means  of  the  inflammable  gas  from  pit  coal  tlian  by  any  other 
moans.  I  do  not  believe  that  the  act  of  extracting  and  buniing 
this  gas,  is  in  a  state  sufficiently  advanced  as  yet,  to  render  it 
eligible  for  lighting  dwelling  houses.  But  the  manufactoiies  of 
Nc-v-England,  of  Philadelphia,  of  Pittsburgh,  may  use  it  with 
profit — it  may  be  used  for  theatres— <md  (as  I  am  persuaded) 
lor  a  great  deal  of  the  kite  hen-cook  ciy  of  large  taverns  in  sum- 
mer time.  It  has  not  yet  been  applied  in  lieu  of  steam,  as  t 
nioving  power  in  fire-engines,  but  I  tliink  it  m  ill  be. 

In  this  country,  cveiy  suggestion  that  brings  foi-ward  the  im- 
portance of  COAL  to  tlie  public  view,  is  of  moment:  we  know  lit- 
tle of  its  value  in  Pennsylvania  as  yet.  Mly  aU^  the  superior 
vcalth,  power,  and  energy  of  Great  Britain,  is  founded  cu 
coal  mines.  Coal  mines  produce  maimfactories ;  manufactories 
produce  canals,  turnpike  roads  and  rail  ways;  tliese  produce 
communication  of  interest,  knowledge,  and  improvement  all  over 
the  kingdom.  Where  coal  mines  are,  tliere,  and  there  only  will 
manufactories  flourish.  Manufactories  produce  division  of  la- 
bour, corporal  and  mental  energy ;  they  banish  idleness ;  tiiey  pro- 
duce  perpetual  demand  for,  and  bring  into  play  chemical  science, 
and  the  science  of  machiner}-.  They  have  produced  a  class  of 
men  almost  peculiar  to  England,  the  civil  engineert^  to  whom 
X\\\i  country  has  been  more  indebted  than  to  any  other  class  of 
citizens,  dependant  on  tlieir  talents  for  tlieir  living.  All  rests 
upon  coal. 

Coal  n»ay  be  classed  under  two  great  divisions :  tlie  coal  that 
burns  with  smoke  and  flame,  bituminous  coal :-  and  tlic  coal  tliat 
doi  s  lioL  bum  with  smoke  and  flame :  stone  coal,  glance  coal, 
aiitai-acite,  graphite  coal.  All  the  coal  to  the  west  of  the  west 
braiicl)  of  the  Susquehanna,  is  bituminoua  coal ;  this  ^vilU^eld 
al^uvidance  of  carburetled  hydrogen  gas,  and  will  charr  or  coke. 
T..0  coal  east  of  the  north  east  branch  of  Susquehanna,  bums 
without  smoke,  with  little  flame,  contains  no  bitumen,  abounds  in 
cai'bo..,  and  is  an  anthracite, 

I  present  the  reader  with  Uic  two  most  approved  methods  of 
obtaining  the  inflammable  carburetted  hydrogen  from  pit  coal. 
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Descrihtion  of  an  Jfifiaratus  for  making  carbwrctted  Hydrogf'n 
Gaafrom  Pit  Coal^  and  lighting  Manufactories  ivirh  it.  By  J\Ir» 
Samuel  Clegc,  of  Manchester.     23.  Mch.  Jour.  85. 

Dkar  Sir, 

When  your  son  was  in  Manchester,  he  called  to  sec  my  ne- 
phew, Samuel  Clegg's  improved  gas  lights,  and  was  desirous  to 
have  a  plan  of  his  method,  which  my  nephew  promised  him,  and 
I  undertook  to  get  it  conveyed  to  you,  I  have  accordingly,  taken 
the  opportunity  of  sending  to  the  Society  of  Arts  a  plan  and  ex- 
planation of  his  apparatus. 

He  lighted  a  large  manufactory  in  Yorkshire  some  years  ago 
upon  this  principle,  and  has  since  lighted  some  buildings  in  tliia 
neighbourhood,  and  I  believe  he  is  the  first  person,  who  succeeded 
in  rendering  these  lights  free  from  the  offensive  smell  wliich  gene- 
rally accompanies  them.  My  nephew  served  an  apprenticeship  to 
Messrs.  BouUon  and  Watt,  of  Birmingham,  in  the  steam  engine 
business,  in  which  he  is  now  engaged  here  on  his  own  account^ 
and  has  made  considerable  improvements  in  theii*  construction. 

I  remain,  dear  Sir, 

Your  most  obedient  servant, 

ASHWORTPI  CLEGG. 

Manchester^  May  18,1808. 

SIR, 

Yx)ur  esteemed  favour  I  have  received,  and,  according  to  your 
request,  have  sent  you  a  fuller  explanation  of  the  gasometer  and 
lamp,  accompanied  with  faither  drawings. 

A   gasometer,   containing  seven  hundred  cubical  feet  of  gas^ 
'  veighs  about  twenty  hundred  weight,  and  costs  about  two  pounds 
ten  shillings  the  liundred  weight. 

The  whole  of  an  apparatus  complete,  capable  of  suppoiling 
forty  lamps  for  four  hours,  each  lamp  affording  light  equal  to 
ten  candles  of  eight  in  the  pound,  will  cost  about  two  hu  ndrcd  and 
fifty  pounds.  Each  lamp  consumes  six  cubical  feet  of  gas  per  hour. 
I  am  happy  to  find,  that  the  Society  have  honoured  my  commu- 
nications with  their  attention,  and  I  remain,  wiia  great  rcspccti 

SIR, 

Your  most  obedient  servant, 

S,  CLEGQ. 

Manchester^  ^ug.  12.  1808. 
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Rrf.-mre  lo  ^fr.  S.  Clegfi  Jftfiaratru  far  extracW^  Cta^b- 
retted  Hydrogen  Ga»  from   Pit    C\aL  Sec  Plate.  jSgi*  i, '. 
*,  5,  andi^-  ' -r     .■";•:' 

InSg.'l,  A  ihowB  the  cast  iron  retort,  into  whtch  an  t 
codi-lnteBdcd  to  be  decompoied  b^  mt^ans  of  a  fir*  v 
it,  the  heat  of  which  aUTroiitlds  every  pnrt  of  it*  e 
mouth  or  part  by  which  the  cbalssrc  introduced.  The  lid  o 
plate  B,  which  covers  the  mOutb  of  the  retort,  is  graUnd  O 
tight,  and  fastened  by  means  c^  a  screw  in  the  centre;  Cj| 
shield  or  aaddlc  of  cast  iron,  to  prcsei-vc  the  rotoii  ffotn  ^ 
injured  by  the  intensity  of  the  fire  iiiidcmeatJi  it.  and  to  c 
to  be  heated  more  tnufimnly.  ODD  rcprcseots  the-tUtij 
pipe  which  conrerS  all  die  rolalilc  products  of  th«  OoaJ  tod 
rcWgeratory  of  cast  iron  E,  in  which  the  tar,  &c.  «xtracied  fi 
the  cold  ia  deponted,  and  vhence  they  ckn  be  pumped  .ant  bf . 
means  of  the  copper  ^pe  F.  G  ia  the  pipe  which  conveyi  t&« 
gias  to  the  top  of  tho  '  cyHitdival  veaael  or  reccnTc^  H ;  thii  re* 
ceiver  is  air  liglit  at  'tlie  top)  tiid  ctHiscquently  t^e  ;gu "displace* 
the  water  in  the  reaacl  H,  to  a  leref  with  the  small  boles,  where 
the  f^B  is  suiTcred  to'eacape  anA  rise  through  tho.-  water  of  the 
well  I,  into  the  large  gasometer  K.  The  use  of  t£e  vessel  H  ii 
pWQted  out  as  follows,  viz.  If  tlie  piipe  G  reached  all  through 
the  water,  without  |Kissmg  into  the  vessel  H,  the  gaa  would 
not  be  rendered  pure  or  washed  j  and  if  part  of  the  p^pe  did 
not  rise  aboTC  the  water,  the  water  would  have  free  cominum* 
cation  with  the  tar,  besides  vxposinj;  the  retort  A  to  a  very  great 
pressure,  so  as  to  endanger  its  bui-stmg  when  red  hot  This 
Tcssel  or  receiver  H,  in  a  large  apparatus,  is  about  eighteen 
inches  diameter,  and  two  feet  lon^ :  the  quantity  of  gas  therefore 
which  it  contains,  ia  sufficient  to  fill  the  pipes  and  retort  when 
cool,  prevent  the  pipe  G  from  acting  as  a  siphon,  and  cit]M>se  the 
gas  to  the  water  without  endangering  the  retorL 

When  the  operation  begins,  the  upper  pait  of  the  cylindrical 
gasometer  K,  fig.  1,  made  of  wrought  iron  plates,  is  sunk  down 
nearly  to  a  level  with  the  top  of  the  circular  well  I,  and  is  con- 
sequently nearly  filled  with  water,  but  it  rises  gradually  as  the 
gas  enters  it  and  displaces  the  water;  the  two  weights  L  L  ras- 
pendcil  over  pnllics  by  chains  keep  it  steady  and  prercnt  its  turiK 
ing  niund,  otherwise  the  lower  stays  M  of  the  gasometer  wouM 
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come  into  contact  with  the  vessel  H.    There  are  two  sets  of 
these  stays,  one  shewn  at  M,  and  the  other  at  N. 

Tiiere  is  also  an  iron  pipe  O,  made  fast  in  the  centre  of  the 
gasometer  by  means  of  the  stays,  which  slides  over  the  upright 
pipe  P,  by  which  contrivance  the  gasometer  is  kept  firm  and 
steady,  when  out  of" the  well;  it  likewise  prevents  tlic  gas  from 
getting  into  the  cast  iron  pipe  P,  and  the  copper  pipe  R,  ar.y 
where  but  throuj^h  small  holes  made  in  the  pipe  O  at  S  at  the 
top  of  the  gasometer,  where  the  gas  is  perfectly  transparent  imd 
fit  for  use. 

The  pure  gas  enters  the  tube  O  at  the  smr.U  holes  made  in  its 
top  at  S,  and  passes  on  through  the  tubes  P  and  R  to  the  lampsy 
where  it  is  consumed  and  bumt. 

The  seams  of  the  gasometer  arc  luted  to  make  them  air  tight, 
and  the  whole  well  painted  inside  and  out,  to  preserve  it  from  rust. 

Fig.  2,  shows  a  honzontal  section  of  the  lower  hoop  of  the  gas-  ' 
ometer  K  at  the  part  M,  with  its  stays  or  arms,  and  the  manner 
in  which  the  iron  pipe  O,  before  described  in  fig.  1,  sliding  on 
the  tube  P,  passes  through  the  ring  in  the  centre  of  the  hoop, 
A  horizontal  section  of  the  receiver  II  appears  therein. 

Fig.  5,  shows  a  section  of  one  of  the  gas  lamps.  The  space 
between  the  outer  tube  T  and  the  mner  tube  V,  is  to  be  filled 
with  gas  supplied  by  the  pipe  R,  shown  in  fig.  1,  where  a  stop 
cock  is  inserted  for  adjusting  the  flame,  which  gas  passes 
through  a  number  of  small  holes  made  in  the  outer  edj>:e  of  a 
circular  plate  shown  at  fig.  6,  which  unites  the  tubes  T  and  V 
at  their  tops.  V  is  the  inner  tube  which  conveys  the  atmosphe- 
ric air  into  the  centre  of  the  flame  :  the  upper  part  of  this  tube 
is  made  conical,  or  widening  outwards,  to  join  a  circular  plate 
with  holes  in  it,  a  horizontal  view  of  which  is  shewn  at  fig.  '6. 
W  is  a  button,  which  can  be  placed  at  a  small  distance  above  the 
mouth  of  the  lamp,  and  its  use  is  to  convey,  in  an  expanded  man* 
ner,  all  the  air  which  rises  through  this  tube  to  the  inner  surface 
of  the  flame,  which  assists  the  combustion  very  much ;  this  but- 
ton may  be  set  in  any  convenient  distance  above  the  tubes  of  the 
lamp,  as  it  slides  in  the  cross  bars  X  X,  by  which  it  is  supported 
in  the  inner  tube. 

A  current  of  air  also  passes  between  the  glass  tube  or  chimney 
and  the  outer  tube  T,  through  holes  made  in  the  bottom  of  the 
glass  holder,  as  in  Argand's  lamps :  this  surrounds  the  flame,  and 
completes  its  combustioiH  as  explained  by  the  view,  fig*  3^  and 
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section,  fig.  4,  which  have  a  glass  upon  each.  Z  Z  Z  Z,  figs. 
3,  4,  5)  and  6,  show  the  tube  through  which  the  lamp  is  supplied 
with  gas  from  the  pipe  R,  fig.  1. 

Anothtr  afifmratuafor  coalgaa.     Park* 9  ChemUiry,  Plate. 

The  retort  is  filled  and  the  cork  taken  out  at  D,  which  should 
be  four  inches  diameter  stopt  with  an  iron  plug.  The  tar  and 
liquid  partly  runs  down  tlic  tube  with  a  stop*cock,  next  the  fur- 
nace, but  some  of  it  mouuts  with  the  g^,  and  being  cooled  in 
the  bent  part  of  tlie  tube  runs  down  at  the  second  tube  with  the 
stop-cock  into  the  barrel  B,  wliich  is  inserted  in  an  outermost 
barrel,  and  surrounded  with  water  to  condense  the  contents.  The 
gas-holder  C  is  suspended  with  its  balance  weight  from  the  cieling. 
The  rcbt  is  obvious.  The  gas  holder  and  its  containing  vessel 
may  be  tin,  copper,  sh^ct  iron,  or  simply  casks.  The  perpen- 
dicular tube  that  rises  into  the  chimney  is  designed  to  carry  off 
the  carbonic  gas  and  water  wliich  rise  at  the  beginning  of  the 
process,  and  which  if  mixed  with  the  carburettcd  hydrogen 
would  hurt  the  combustible  quality  of  the  gas  sought  for.  Quere 
if  a  stop  cock  at  D  would  not  be  useful  for  the  first  five  or  ten 
minutes  ?   The  tubes  may  be  lead,  tin,  or  copper. 

The  distilled  products  will  pay  a  great  part  of  the  expense. 


ON  MINERAL  WATERS, 

Jtnd  watering  filacer  :  fiarticularly  the  Carlisle  and  York  S/iringi 
in  Pennsylvania^  with  a  method  of  making  art ijfcial  mineral  wa* 
tcr — By  the  Editor, 

The  resort  to  these  situations,  is  partly  on  account  of  ill 
health,  and  partly  for  the  sake  of  amusement,  company,  and  variety. 
In  England,  on  the  continent  of  Europe,  and  in  this  country,  the  va- 
rious motives  of  frequenting  mineral  springy  are  the  same  ;  and 
fashion  is  given  to  them,  and  medicinal  virtues  ascribed  to  them,  ra- 
ther by  the  votaries  of  pleasure,  than  the  valetudinarian  visitors. 
I  do  not  pretend  to  deny,  that  laxative  and  tonic  salts  in  small  do- 
ses are  frequently  beneficial;  but  far  more  of  the  cures  such  wa* 
tcrs  are  said  to  perform,  arc  owing  to  good  society,  g^ood  sceneryi 
amusement,  novelty,  change  of  air,  incitements  to  pleasurable  ex* 
ercise  without  fatigue,  and  though  last  not  least)  to  faith  in  the  effi* 
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Oicy  of  the  waters.  All  these  circumstances  are  tonic,  and  hi  a' 
high  degree  so.  No  wonder,  that  large  dilution,  frequent  exercise, 
and  moderate  doses  of  laxatives  should  occasionally  do  wonders 
to  an  invalid,  whose  digestive  powers  suffer  under  tlie  indirect  de- 
bility consequent  upon  habitual  over  action,  and  who  has  all  the 
confidence  necessary  to  enable  the  medicine  to  cure. 

In  the  neighbourhood  of  Carlisle  there  are  two  mineral  springy, 
resorted  to  greatly  by  persons  in  g^ood  health  and  in  bad  health ; 
and  of  the  one  and  the  other  wonderful  stones  are  propag^ated  in 
favour  of  their  beneficial  effects  upon  complaints  of  almost  all  des- 
criptions. I  have  analysed  these  waters,  and  I  proceed  to  give  an 
account  of  tliem. 

Tiie  Cumberland  Sul/thur  S/iringj  on  the  estate  of  Wm.  Ram« 
sey,  Esq.  Prathonotary  of  this  county,  is  situated  about  5  miles  norths 
easterly  from  Carlisle.  Carlisle  is  situated  in  the  Cumberland  val- 
ley ;  a  limestone  valley  extending  from  Easton,  on  Delaware^ 
through  Cumberland  county,  Shenandoah,  and  soutliward  beyond 
Staunton,  ix^lrginia.  About  three  miles  from  Carlisle,  on  the 
road  to  the  sulphur  spring,  runs  the  Conodoguinet  creek  :  half  a 
mile  before  you  come  to  this  creek,  the  limestone  disappears,  and 
the  surface  soil  is  a  schistus  or  rather  a  shale  which  extends  from 
thence  to  the  spring,  and  from  tlience  to  the  north  mountain  as  it 
is  called,  or  the  blue  ridge.  The  spring  is  in  a  direct  line  not  quite 
a  mile  from  tlie  mouiitain.  The  surface-stone  of  the  neighbour- 
hood, is  mountain  quaitz,  amorphous,  striking  fii*e  with  steel.  The 
well  belonging  to  the  house,  is  cliy  through  14  feet  of  shale,  such 
as  is  frequently  incumbent  on  coaL  There  is  no  ti-ace  of  lime- 
stone in  the  immediate  neighbourhood. 

The  spring  rises  near  a  stream  of  good  water ;  the  quantity  in 
summer  time  is  such  as  would  run  with  moderate  velocity  through 
a  pipe  of  about  half  an  inch  bore.  It  smells  and  tastes  strongly  of 
a  sulphureous  gas,  but  has  no  other  flavour  or  odour.  The  tem- 
pt mature  is  that  of  tlie  common  sprmg  water.  It  feels  soft  and 
smooth  to  the  hands  on  wushiiig  witii  it. 

About  three  pints  of  this  water  boiled,  yielded  about  one  half  it^ 
bulk  of  gus.  This  gas  tastes  and  smells  strongly  of  sulplmretted 
hydrogen :  it  deposits  sulphur  witli  oxymuriatic  acid.  The  wa- 
ter itself  blackens  silver :  it  discharges  the  blue  colour  of  mublin 
tinged  with  litmus :  it  discharges  also  in  a  great  degree  the  co- 
lours of  printed  calicoes  washed  in  it.  It  is  therefore  impregnated 
with  sulphuretted  hydrogen,  hoUdng  sulphur  in  solution;  and  pro- 
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hMj  alio  with  sulphuret  of  potash.  From  the  experiments  ol 
Higgins  and  Kirwan,  we  know  that  alkaline  aq|d  calcareous  sul- 
pharcts  are  useful  in  bleaching. 

Tincture  of  galls,  and  triple  pnisuat  of  potash)  produced  no 
change ;  it  therefore  contains  no  iron. 

Oxalate  of  ammonia,  hardly  afforded  a  perceptible  cloudiness. 
It  therefore  contains  but  little  lime. 

Carbonat  of  potash,  threw  down  no  magnesia :  nor  did  carbo- 
nat  of  ammonia  throw  down  anyalumine,  or  the  addition  of  phos- 
phat  of  soda,  exhibit  any  magnesia. 

Nitrat  of  silver  occasioned  no  precipitate ;  hence  the  water  con- 
tains no  muriatic  salts. 

Acetite  of  lead,  produced  a  precipitate  tinged  blackish :  indi- 
cating a  sulphuret  of  potash  or  of  lime. 

Muriat  of  barytes  detected  no  vitriolic  acid  combined  or  un- 
combined.  The  colour  of  litmus-rag,  was  not  changed  either  blue 
or  red ;  so  that  there  appeared  to  be  no  uncombined  ac^  or  alkali : 

A  pint  of  the  water  gently  evaporated  to  perfect  dryness,  in  a 
queens- ware  basin,  by  means  of  a  spirit  lamp,  ]delded  barely  2  and 
•}  grains  of  deliquescent  residuum ;  which  was  half  potash  and 
half  lime,  both  manifestly  distinguishable  to  the  taste,  as  well 
as  by  tests.  This  was  repeated  in  Florence  flasks,  with  the  same 
results.     These  salts  had  doubtless  been  combined  with  sulphur. 

Hence,  the  water  in  question,  is  water  more  pure  than  common, 
in  every  respect,  exceptin  holding  half  its  bulk  or  there  about  of 
sulphuretted  hydrogen  gas,  to  which  alone  its  medicinal  properties 
are  owing ;  for  the  very  small  proportion  of  alkalies  and  lime  com- 
bined as  sulphurets  with  the  sulphuretted  hydrogen  water,  cannot 
be  regarded  as  producing  much  effect  The  weather  had  been 
rather  wet  for  about  a  week  or  fortnight  preceding  the  time  when 
the  water  was  taken  up ;  but  there  had  been  no  rain  for  3  or  4  da}-s ; 
nor  did  it  seem,  that  the  water  was  either  more  or  less  abundant 
than  usual.  So  that  the  preceding  experiments  may  be  considered 
as  made  on  the  water,  in  its  average  state. 

I  conjecture,  that  the  sulphuretted  hydrogen,  is  produced  by 
the  decomposition  of  pyrites,  deposited  in  the  shale  forming  the 
roof  of  a  coal  stratum ;  though  no  trace  of  coal  has  hitherto  been 
found  or  suspected  in  that  neighbourhood.  In  many  counties 
of  England,  the  pyrites  found  in  the  roof  of  coal  and  the  super- 
incumbent stratum,  is  collected,  placed  in  heaps  exposed  to  ihf. 
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air,  and  the  green  vitriol  or  sulphat  of  iron  gradually  formed 
by  the  oxygenation  of  the  sulphur  is  washed  off,  and  crys- 
tallized. Where  sulphuric  acid  thus  formed  acts  upon  sulphu- 
retted iron,  sulpherctted  hydrogen  will  be  produced,  and  es- 
cape through  any  sinus  or  aperture  in  the  earth,  where  there 
is  room  for  it,  whether  in  contact  with  water  or  not.  Where 
there  is  no  stream  but  moisture  only,  pyrites  will  become  hot,  if 
air  can  get  to  a  body  of  it,  and  that  heat  may  be  communicated 
to  the  earth  and  the  capillary  streams  in  the  vicinity  of  it,  form- 
ing the  warm  waters,  of  Bath,  M  itlock  and  Buxton^  of  England, 
and  the  warm  springs  of  Virginia. 

In  point  of  situation  for  salubrity  of  air,  I  know  of  no  water- 
ing place  in  Pennsylvania  that  upon  the  whole,  equals  the  sul- 
phur springs  in  the  vicinity  of  Carlisle,  excepting  the  fashiona- 
ble resorts  on  the  sea  shore. 

The  York  aul/ifiur  fi/tringan  \7  miles  from  Carlisle, on  the  road  to 
Baltimore  through  Hanover:  are  found  in  a  transition  country.  I 
have  remarked  in  the  vicinity  of  the  spring,  much  amphibolic 
rock  (homblcnd  and  quartz.)  Ampliibole  upon  the  average  con- 
tains about  a  twentieth  of  magnesia. 

Dr.  Cutbush  analysed  this  water  a  year  ago :  he  found  that  al- 
cohol of  galls,  prussiat  of  potash,  and  succinate  of  ammonia 
produced  no  appearance  of  iron. 

Muriat  of  barytes,  pixxluced  a  precipitate  of  sulphat  of  ba- 
rytes. 

Lime  water,  shewed  no  trace  of  carbonic  acid. 

Nitrat  and  sulphat  of  silver  produced  a  muriat  of  silver. 

Solution  of  soap  produced  a  turbidness,  shewing  generally  the 
presence  of  saline  matter,  oxalat  of  potash,  threw  down  an  oxa- 
lat  of  lime. 

Caustic  and  carbonat  of  potash,  threw  down  earthy  matter 
soluble  in  muriatic  acid ;  that  is  lime  and  magnesia. 

Anunoniaco^phosphat  of  soda,  threw  down  an  ammoniaco- 
phosphat  of  magnesia.  The  quantity  of  gas  contained,  he  had 
no  opportunity  of  examining ;  but  there  is  no  doubt  of  its  being 
sulphuretted  hydrogen,  nearly,  but  not  quite  so  strong  to  the  smell 
or  the  taste,  as  the  water  of  the  spring  within  five  miles  of  Car- 
lisle.   It  blackens  silver  like  the  latter  water. 

Dr.  Cutbush  on  evaporating  two  ounces  of  the  water,  found  a 
residuum  amounting  in  sixteen  ounces  or  one  pint,  to  thirty  two 
grains  of  saline  matter ;  this  would  consist  of  30  grains  of  cpsom 
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itlt  or flulph«t  of  mag^etia,  4  grains <tf  conunoB  tak  ormiriat  d 
aoda,  6  graina  of  gypsum  or  Btt^>hat  of  lime ;  loaa  3  gniiiia. 

I  receired  toward  the  latter  end  of  July  two  quarts  of  this  wa- 
ter, from  the  spring ;  and  as  much  fram  the  pump ;  wluch  latter 
I  did  not  analyse.  There  had  been  rainy  weather  fiir  some  dayti 
with  an  intenral  of  4  or  5  fine  days  immediately  pnyions  to  the 
water  being  sent -to  me. 

The  water  from  the  spring  being  tested  with  the  sane  reagents 
employed  by  Or.  Cuthush,  exhibited  the  same  general  appearances 
and  indications,  except  that  oxalat  of  ammonia  threw  down  but  a 
slight  trace  of  lime. 

Sixteen  ounces  avoiiidupois,  of  the  water  carefully  w^ghed,  be- 
ing evaporated,  yielded  not  quite  five  grains  of  saline  matter :  this 
was  repeated,  in  white  queen's  ware,  and  in  florence  fiaak,  by 
means  of  the  gentle  evaporation  of  a  spirit  lamp  «  hence  it  should 
appear,  that  the  water  of  this  spring,  is  variable  in  the  quantit)* 
of  saline  matter  it  contains. 

The  saline  matter  from  these  evaporations  was  reduced  to  fine 
powder,  and  a  part  thrown  on  a  well  lighted  coal :  there  was  ne 
appearance  of  deflagration,  and  therefore  there  were  no  indications 
of  nitrats. 

On  barely  5  grains  from  a  pound  of  the  water,  finely  tnturated, 
I  poured  strong  spirits  of  wine :  this  dissolved  the  muriats,  and 
left  behind  the  sulphats. 

I  boiled  for  a  minute,  the  sulphat's  in  pure  water  barely  suffi- 
cient in  quantity  to  dissolve  them :  this  would  separate  the  sul- 
phat  of  soda,  and  the  sulphat  of  magnesia.  The  residuum  being 
dried  into  white  silky  crystals,  was  manifestly  sulphat  of  time ; 
amounting  to  barely  two  g^rains  in  weight 

The  alcoholic  -solution  containing  the  muriats,  was  precipitated 
by  nitrat  of  silver,  and  yielded  about  a  grain  of  muriat  of  silver, 
indicating  ^  of  a  grain  of  pure  muriatic  acid :  the  nitrated  solution 
precipitated  by  carbonat  of  potash,  yielded  about  ^  of  a  grain  of 
precipitate,  which  readily  dissolving  in  a  minute  portion  of  diluted 
sulphuric  acid,  and  remaining  permanently  clear,  was  not  lime, 
but  carbonat  of  magnesia. 

The  solution  of  sulphats,  precipitated  by  carbonat  of  potash* 
yielded  also  barely  one  grain  of  carbonat  of  magnesia.  The  re- 
maining liquors  would  contain  a  grain  or  thereabout  of  alkaline 
sulphat  which  I  did  not  think  worth  while  to  ascerttdn  minutely. 

The  water  of  these  springs,  as  is  said,  are  diuretici  and  of  the 
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York  spring)  purgative.  I  could  liever  find  any  effect  of  citlier 
kind,  from  a  quart  of  these  waters,  or  the  waters  of  the  Bedford 
springs,  beyond  what  a  quart  of  common  water  would  produce ; 
and  I  am  well  persuaded  that  the  common  pump  water  of  the 
streets  of  Carlisle  (wjiich  leave  a  residuum  of  7  grains  to  the  pint) 
and  still  more  those  of  Philadelphia,  according  to  my  friend  Dr. 
Hunter's  analysis,  contain  a  larger  portion  of  cathartic  ingredients 
than  the  waters  of  either  of  tliese  medicinal  springs. 

Even  according  to  Dr.  Cutbush's  analysis  of  the  York  spring 
watery  one  pound  weight  contains,  but  24  grains  of  purgative  salt, 
for  gypsum  is  not  usually  ranked  in  this  class.  That  is  20  grains 
of  epsom  and  4  grains  of  common  salt. 

Now,  the  common  dose  of  glauber*s  or  of  epsom  salt  when  used 
as  a  cathartic  is  \^  oz,  or  720  grains :  less  than  a  fourth  of  thi» 
dose>  or  180  grains,  can  hardly  be  deeined  a  permanent  laxative  : 
bpt  to  obtain  this  laxative  quantity,  near  eight  pints  or  eight  pounds 
weight  of  water  must  be  swallowed !  Doubtiess,  if  a  man  pours 
down  his  throat  within  2  or  3  hours,  a  gallon  of  water  of  any  kind, 
it  muit  fitid  its  passage  out  again,  either  by  diuretic,  cathartic,  or- 
diaphoretic  operation,  or  by  all. 

Still  the  fact  is,  and  it  is  not  to  be  denied,  that  people  who  stay 
two  or  three  weeks  at .  either  of  these  springs,  generally  come 
away  with  improved  health,  provided  they  use  exercise,  dilute  a 
good  deal  with  the  water,^and  Uve  abstemiously  in  the  articles  of 
wine  and  ardent  spirits.    This  may  he  accounted  for 

From  the  beneficial  eflect  upon  the  skin  particularly -of  the 
sulphuretted  hydrogen  g^ ;  which  certunly  possesses  virtues  in. 
cutaneous  affections :  nor  are  we  as  yet  fully  aware  how  much  the 
general  state  of  health  depends  on  the  state  of  the  skin.. 

From  the  temporacy  cathartic  effect  in  a  slightdegree,  which 
change  of  water  frequenUy  induces. 

From  the  tonic  effects,  of  change  of  air,  Qhange  of  society, 
change  of  scenery,  change  of  amusements,  from  having  the  mind 
and  the  body  pleasanUy  occupied,  and  from  (Comparative  temper*, 
ance  and, great  dilution  among  the  male  part  of  the  society. 

From  early  rising  and  the  use  of  the  bath,  warm  or  cold,  these 
are  causey  sufficient  to  account  for  all  the  beneficial  effects  receiv- 
ed, without  resorting  to  supposed  ingpredients  or  supposed  quail* 
ties  in  these  waters,  which  experiment  carefully  made,  does  not 
/countQpance.    T.  C. 
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A  wccfc  after  the  preceding  analysis,  during  which  interval  the  I 
weather  had  hecn  fine  and  warm  at  the  latter  end  of  July  and  he- 
ginning  of  August,  I  received  more  water  from  the  York  springs. 
I  evaporated  carefully  21b  avoirdupois.  I  collected  14  grains  of 
saline  matter.  It  was  dried,  triturated,  dissolved  in  alcohol,  and 
the  reudue  in  hot  water.  The  last  watery  solution,  left  a  residuum 
of  six  grains,  which  was  fully  dried  over  a  Isfhip,  aqd  proved  to 
be  sulphat  of  lime.  To  be  quite  sure  of  this,  it  was  decomposed 
by  double  its  weight  of  carbonat  of  potash.  The  sulphat  of  potash 
washed  away,  left  the  carbonat  of  lime  perfectly  soluble  in  dilute 
muriatic  acid  except  al)out  the  |th  of  a  grain  of  siliceous  sand. 

The  water  in  which  the  sulphats  were  dissolved,  had  tAen  up 
a  small  portion  of  the  sulphat  of  lime,  which  oxalat  of  ammonia 
detected,  amounting  to  about  \  a  grain,  there  being  one  grain  of 
oxalat  of  lime.  The  sulphuric  acid  was  combined  with  potash 
as  the  crystals  shewed :  it  was  precipitated  with  barytes ;  and 
produced  two  grains  of  sulphat  of  barytes,  dried  over  a  lamp. 

The  alcoholic  solution  of  the  muriats  furnished  me  with  If  grain 
of  muriat  of  silver,  ^  a  grain  of  alumina,  and  about  1^  g^rain  of  car- 
bonat of  magnesia.  As  an  accident  happened  to  part  of  the  filter- 
ing paper,  on  which  this  was  dried,  there  may  be  an  error  of  half  a 
grain  here,  but  I  believe  there  is  not  an  error  to  half  that  amount. 
Hence  the  sulphur  spring,  5  miles  from  Carlisle,  coiitainsin  one 
pint  by  measure  or  lib  by  weight,  about  |  its  bulk  of  the  gas  call- 
ed sulphuretted  hydrogen.  It  contains  also  one  grain  of  pure  pot- 
ash united  to  sulphur,  and  as  much  pure  lime,  also  combined  with 
sulphur. 

The  sulphur  spring,  in  York  county,  1 7  miles  from  Carlisle,  con- 
tains probably  about  as  much  sulphuretted  hydrogen  as  the  spring 
near  Carlisle )  but  as  the  gas  will  not  bear  transportation,  I  have 
not  the  means  of  accuracy  in  this  respect. 

The  York  spring  also  contains  in  one  pint  by  measure,  or  lib. 
by  weight,  according  to  the  first  experiment  5  grains  of  dried  sa- 
line matter :  yielding  2  grains  of  sulphat  of  lime,  3^  grains  sulphat 
of  magnesia,  about  [  a  grain  of  muriat  of  magnesia,  and  one  grain 
of  sulphat  of  potash.  The  excess  above  die  five  gndnsin  this  cal- 
culation, will  arise  from  tlic  greater  quantity  of  water  of  crystal- 
lization in  these  salts  in  their  common  state,  than  in  the  dry  state,  in 
which  I  procured  them.  Thus,  one  grain  of  carbonat  of  magnesia 
is  equal  to  ,65  of  a  grain  of  pure  "magnesia^  which  would  make 


On  JUbtenJ  ffa^fin,      •  481 

I 

feur  piufi8  of  cfjrBtallked  sulphat  of  magnesia:  for  fulphat  of 
Siagnesai  contains  33^5  acid,  16,05  magnesia^  and  SO  water. 

According  to  the  second  experiment  one  pint  or  lib.  of  the  war* 
ter,  3rielded  seven  grams  of  dried  stdine  matteir  t  Which  When  f^y 
trsrstallized,  would  ]rield  nearly  as  follows: 

Of  sulphat  of  lime  (gypsum)  4|  grains^ 

Of  sulphat  of  potash  2^  grains. 

Of  muriat  of  magnet  1^  gprain* 

Of  muriat  of  alumine  ^  of  a  grain* 

Hence  not  only  the  quantity,  biit  the  proportion^  of  the  salts  ill 
these  waters,  is  apt  to  vary ;  owing  in  great  part  to  the  different 
ttates  of.  decomposition  of  the  itmphibole,  and  other  stones,  through 
which  the  waters  pass,  as  well  as  to  the  wetness  or  dryness  of  ihm 
season. 

The  common  piimp  water  ot  Carlisle  furnishes  T  grainisto  the ' 
pint  of  dried  saline  matter  consisting  chiefly  of  sUlphat  and  carbo-» 
liat  of  lime.    It  is  aptjfor  a  few  days  slighUy  to  affect  the  bowels 
of  strangers  not  accustomed  to  limestone  Urateh 

The  best  method  of  combinmg  the  Seltter  Water  With  a  hxative 
proportion  of  the  purgative  salts  is  the  following ;  which  will  ena-« 
ble  every  body  to  make  at  will,  a  mineral  Water,  impregnated  with 
cathartic  qualities  in  any  proportion  that  the  palate  Will  bear  of 
the  bowels  will  require,  combined  with  the  lively,  sparklbg  quali" 
ties  of  the  Seltzer  water.  Take  of  supercarbdnat  of  soda,  of 
even  the  common  carbonat  30  graiiis;  of  the  totnmon  carbo- 
nat  of  magnesia  as  much,  put  them  in  a  strotig  black  qusut  botUe  ; 
fill  it  nearly  but  not  quite  full  of  water ;  having  previously  tesAf 
t  cork  that  will  fit  it    Pour  in  the  quantity  of  strong  vitriolie  yJL 

(sulphuric)  acid,  that  you  know  from  previous  experiment  will 
barely  neutralize  that  quantity  oi  saline  matter.  Cbrk  the  bottie^ 
and  tie  down  the  cork  instantly.  The  carbomc  acid  gas  Will  thus 
be  combined  with  a  solution  of  glauber's  and  epsom  scdts,  Whicb 
may  be  kept  in  a  cbol  place.  In  the  same  manner  the  dose  may 
be  altered  or  diminished,  or  sulphat  of  iron  in  the  proportion  of  6 
or  4  gndns  may  be  added  if  the  symptoms  of  the  patient  require 
it,  and  a  mineral  water  produced  more  efficacious  than  any  thsA 
tiature  presents  to  ua.    T.  Ci 
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LETTER  FiBSTi  TO  T<E  BBXTOm. 

QUJEDAM  DE  VINO.    ON  WINE. 

£ccle€iasticu8  ch,  3^xxi.  v.  27,  28,  29.  "  Wine  is  good  as  life 
« t  J  a  man  if  it  be  drank  moderately :  Mrhat  is  life  then  to  a  man 
« that  is  without  wine  ?  for  it  wa$  made  to  make  man  glad.  Wine 
^measurably  di*ank,  and  in  season,  bringeth  gladness  of  the  heart, 
<<  and  cheerfulness  of  the  mind ;  but  drunken  with  excess,  maketk 
<<  bitterness  of  the  mind,  with  brawling  and  quarrelling." 

I  could  produce  many  parallel  passages  to  the  above,  from  books 
of  still  higher  authority  than  the  wisdom  of  the  sod  of  Sirach. 
The  history  of  Noah,  the  fable  of  Abimelech,  the  marriage  of  Ca- 
nt} the  disputation  in  Esdras,  Sec.  are  all  authorities  to  shew, 
that  the  moderate  use  of  wine,  even  for  convivial  purposes,  has  re- 
ceived the  highest  sanction  that  authority  can  give  it ;  and  they 
shew  too,  that  we  are  not  called  upon  to  renounce  the  gratifica- 
tions of  appetite,  when  they  can  be  enjoyed  with  prudent  restraint, 
and  without  injury  to  ourselves  or  to  others. 

Having  then  presented  you,  my  friend,  with  some  preliminary 
observations  that  bear  upon  the  science  of  good  eating,  permit  me 
to  offer  you  some  remarks  that  lead  to  the  science  of  good  drink- 
ing :  for  like  Castor  and  Pollux  they  are  strongly  alUed  to  each 
other,  and  when  the  dishes  set,  the  decanters  rise. 

I  shall  not  dwell  upon  the  wines  of  the  ancients,  the  Falemian, 
the  Formian,  the  Caecuban,  the  Massican,  the  Calenum,  the  A^uli- 
cum,  the  Lycean,  the  Chian,  the  Egyptian  (Maroeoticum)  the 
Sabinun^— for  we  know  too  little  about  them  except  that  they 
were  generally  estimated  somewhat  in  the  order  here  mentioned 
as  we  find  from  Horace's  vile  fiotabia  modicis  Sabinum  cantAarUf 
and  some  other  odes.  Some  wine  has  been  found  at  Herculaneum 
and  Pompeii,  but  not  enough  in  quantity,  or  h\  a  state  to  judge  of 
its  quality. 

In  fact,  the  ancients  knew  little  on  the  subject ;  they  had  no 
system  that  I  can  find  of  keeping  their  wine :  they  had  no  glass 
bottles,  their  wine  was  kept,  in  casks,  in  jars,  or  in  leather  bottles.* 
I  do  not  precisely  know  without  more  search  than  the  subject  b 
worth,  what  were  the  distinctions  between  the  Testa^  the  Cadu^j  the 
Lagenoj  the  Amfihora^  in  which  they  kept  their  wine  :  or  between 
the  Amfiulla^  the    Urceus^  the  Canttiarusy  the  DiotOj  the  Ciborea^ 

•  Hiis  explains  tlie  scripture  passage,  "  For  what  nuui  putteth  new  wine 
into  old  bottles  ?'•  Tlicir  new  wine  bein^^  apt  to  ferment 
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(Squash  or  Gourd?)  Mrhich  seem  to  be  the  demijohns  filled  for  a 
drinking  bout ;  or  the  Poctito,the  Cyo/Ai,  the  rirreo,  the  ChrystaU 
lina^  ,the  Murrimty  out  of  which  they  drank;  and  of  which,  the 
Cyathi  were  <^  the  smallest  size,  as  I  think  in  opposition  to  Dr. 
A^ms ;  the  Vitrea  and  the  Chrystallina  being  of  late  date. 

They  had,  as  all  well  regulated  commumties  ought  to  have, 
some  repository  for  the  sovereign  power,  a  Symfioeiarehj  ulrchi/iO" 
Ha,  Arbiter  bibendiy  or  toaslt  master,  chosen  by  the  throw  of  a  die ; 
the  successful  throw,  being  supposed  to  be  regulated  by  Venus 
(Quern  Fenu9  arbitrem  didt  bibendi) :  for  the  ancients  also,  were 
w  wont  to  entwine,  the  myrtle  oi  Venus  with  Bacchus's  vine." 
Sometimes  they  adopted  the  silly  practice  of  drinking  a  Cyathus* 
for  each  letter  of  their  mistresses'  name :  J^evia  aex  CyathUy 
Btfiiem  Justina  bibatur.  I  do  not  recollect  any  other  specimen  of 
their  toasts,  excepting  the  girls  they  were  enamoured  oL 

Fulth  sevcri  me  quoque  aumere 

Partem  Falemi  ?     Dicat  Ofiuntia 

Frater  MegiU€y  quo  beatua 

Fulnere^  qua  fiereat  Sagitta, 
Mankind  however,  were  much  addicted  to  getting  drunk) 
as  we  find  in  every  part  of  history  from  Noah  to  Holofemes, 
from  Alexander  the  Great  to  the  tippling  philosophers  of 
Lucian's  supper ;  without  the  hospitable  excuse  of  Horace,  Rece/ito 
dulce  mihi  furere  eat  Amico,\  They  complained  grievously  of 
the  effects  of  drinking.  Quo  me  Bacche  raftia  tui  fUenuin  ?  Evocj 
Evoej  fiarce  fiater  !  and  so  forth.  These  are  symptoms  of  acid 
wine  and  head-ache.  They  probably  knew  not  how  to  regulate  the 
fermentation ;  they  had  no  brandy  to  mix  with  their  wines,  to  coun- 
teract the  tendency  to  acidity :  they  drank  their  wines  too  new ; 
for  Horace  seems  to  consider  the  four  years  old  wine  as  a  treat,  De- 
firome  Quadrimum.  Nor  were  their  wines  clear,  nor  had  they  any 
cocks  or  spigots. 

•  This  would  be  hard  work,  if,  u  Dr.  Adams  [Rom.  Antiq.]  supposes, 
the  Cyatbus  held  aquart 

fBzpretsed  with  much  greater  spirit  ib  that  fine  old  song  <*  Welcome  t!(» 
FaxtoD,  Bobin  Adair.** 

I  will  drink  wine  with  you  Robin  Adair, 
I  will  drink  wine  with  you  Robin  Adair: 
Rum.punch,  ay,  and  brandy  too : 
By  my  soul,  FU  get  drunk  with  you^ 
Why  didlnt  tbsy  oone  with  y<m 

Robin  Adair  f 
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But  eneugli  x£  the  ancients;  let  as  (oQowRonec'ft  moddofl 
^ood  epic  poet,  In  mtdiai  ret  *emfirr  Jftliitat  .*  shew  roe  at  onoa 
the  wajr  to  your  cellar ;  if  it  be  not  *a  well  Taniished  u  Mr.  Pij* 
master  Rigby's  or  old  Q'Si*  we  will  suppose  it  to  be  so. 
What  n  this  ?  Malmsey :  good. 

**  Come  broach  me  a  bottle  of  rich  Mal%-owe,t 

"  Tis  the  boast  of  the  Marmion  tavern." 
fiut  this,  like  the    Constantia,  (the  cape  wine),    Tokay,  fee.   ii 
good  only  as  a  cordial  or  to  give  flavour  to  other  wines,  pduticubir- 
ly  the  north  side  Madeira.     It  docs  not  equally  improve  tbe  aoulfa 
tfidc  wine.     I  thinli  it  is  better  kept  in  bottles  than  in  casks. 

When  a  wine  is  kept  in  a  cask,  three  things  are  to  b«  consi' 
dcrcd :  what  is  the  wine :  what  is  the  cask :  where  is  it  kept ! 

The  effect  produced  by  age  on  cask  wine  is  this ;  the  cask  it 
porous,  and  tlicre  is  a  constant  and  gradual,  though  slow  erapO' 
ration  from  the  wine  throui^h  the  pores  of  the  cask :  tbe  ftrao^ 
rich  wines  become  concentrated,  mellowed  and  improved  in  »U 
respects ;  except  that,  if  the  wine  be  remarkable  for  any  fine  or 
peculiar  flovour,  that  flavour  will  gradually  be  weakened,  though 
tlic  fullness,  richness,  and  mellowness  of  the  wine,  will  be  improv- 
cd.  Htnce,  Tokay,  Cape  wine,  Malmsey,  the  padre  Ximenes,  and 
Pachioietli  Sherry,  and  the  first  qualities  orCalcavelU,arebescin 
bolUes  after  tliey  have  remained  four  or  five  years  in  tbc  cask. 
These  are  the  cordial  wines  ;  the  wines  to  drink  a  glass  of,  after 
the  course  of  swecl-mcats,  bon-bons,  Sec.  and  are  certainly  finer 
cordials  ihaii  Noyau,  Mascarille,  Eau  de  Garuce  and  that  class  of 
spirituous  impregnations. 

Another  consideration  is,  what  is  your  cask  f  New  oak  gives 
an  astringcncy  to  wine,  in  consequence  of  tlic  gallic  acid  and  the 
tannin  of  the  wood  being  dissolved,  which  to  me  is  extremely 
disagreeable  except  in  port  wine :  and  even  that  is  better  without 
it.     New  oak,  is  excellent  for  new  rum  and  new  ^n ;    because 

*  The  duke  of  Queenabury,  lately  deceased. 

I  Malvoicie.  Tliis  is  a  name  given  to  lliree  dlfTeRrnt  kinds  of  wine.  tA, 
It  is  the  wineof  .MslTssia,IIic  ancient  Kpidaiirui  I  but  better  made  in  tbe 
iilsnd  of  Cuulia.  3il1y,  It  ii  a  ftlutcst  wine  fnira  ■  grspe  grown  in  Proxnce. 
3dl;,  It  is  tbe  Malmsey  of  the  island  of  Madeira.  Malvity,  Malvisy,  Mslm- 
scy.smiunA  synonimous.  Tbere  is  a  Frencb  Muscat  gntpe  also,  called 
Alalvoiaic,  a  table  fruit,  at  whicb  wine  19  not  uaually  made.  It  is  not  wilii  i 
mon  in  (he  hotJiouse  vineries  of  England.  Tbe  Malinsey-M«leit%  | 
wine  to  «l|lch  the  name  of  Malmsey  ougUt  to  be  coRfined^ 
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tiiese  liquors  frequently  contain  a  deleterious  acetlte  ot*  lead} 
which  the  gallic  acid  throws  down ;  and  this  may  also  be  the  case 
where  leaden  worms  are  used  in  the  distillation  of  brandy,  par^ 
ticularly  Spanish  brandy ;  but  for  wine,  most  certainly  old  casks 
if  soundy  are  greatly  preferable. 

Where  do  you  keep  your  casks  ?  The  cellar  is  good,  for  wines 
that  are  not  required  to  be  full  and  luscious.  Almost  all  the 
Fi*ench  and  German  wines,  will  sour  in  a  warm  temperaturet  A 
cellar  uniformly  about  SO^'  of  Fahrenheit  is  the  best  situation  for 
them.  Port  wine  requires  a  temperature  of  about  60  degrees. 
in  England  the  best  wine  merchants  keep  a  stove  in  their  cellars; 
But  Burgundy,  Claret,  Champagne,  Vin  de  Grave,  Vin  de  Chablaisf 
Rhenish  or  Moselle,  would  be  apt  to  turn  sour  in  a  warm  place^ 
especially  if  the  warmth  was  not  steady.  Hjimitage,  Burgundy^ 
Claret,  Port,  Florence,  Sicily  wines,  lose  colour,  and  flavour  too,  in 
casks,  if  they  be  exposed  to  alternations  of  heat  and  cold.  Tnin- 
bodied  wines  cannot  bear  it.  There  is  not  saccharine  matter  and 
mucilage  enough  to  retain  the  strength  and  flavour  i  tlie  body  of' 
the  wine  itself  evaporates. 

Madeira,  Sherry,  Waite  Port,  Lisbon,  Malaga  are  improved  by 
warmth  t  they  bear  also  exposure  to  alternations  of  weather ;  by 
gradual  evaporation  they  become  stronger,  richer^  mellower  ^  and 
a  garret  is  better  for  them  than  a  cellai*.- 

In  nine  years,  a  pipe  of  Port  wine  kept  in  a  cellar  averaging 
from  42  to  50^  of  Fahrenheit,  had  lost  the  Port  wine  flavour,  was 
of  the  colour  of  Madeira,  and  had  diminished  by  evaporation  ex- 
actly nine  gallons :  but  was  not  in  any  degree  sour.  Madeira 
in  a  garret,  I  fancy  would  lose  in  rather  a  greater  proportion ;  but 
less  than  Lisbon.  For  the  richness  and  fullness  of  the  wine, 
impedes  but  does  not  prevent  evaporation.  Casks  so  exposed 
to  the  warmth  of  summer  weather,  should  be  frequently  exam- 
ined. A  good  substitute  for  the  common  cock  is  a  desideratum. 
The  brass  cock,  is  apt  to  collect  verdigrease :  the  cedar  spigot  and 
fiiucet,  must  be  long  boiled,  and  soaked  in  brandy  before  it  can 
be  trusted :  the  spigot  and  faucet  bushed  with  white  metal,  is  bad ; 
the  metal  is  acted  on  by  the  acid  of  the  wine :  the  quill  is  too 
slow.  The  persons  who  grind  glass  stoppers  for  experiments  cm 
»ii*,  could  easily  make  a  glass  cock^  or  spigot  and  &ucet«  The 
iron  hoops  of  a  wine  cask  should  be  painted. 

The  best  fining  for  wine  of  any  kind  is  half  a  pint  of  skim* 
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ned  milki  beat  up  t^ith  the  white  of  one  e^^-and  then  .gndnillf 
with  a  pint  of  the  wine,  for  a  quarter  cask. 

No  wine  should  be  bottled,  till  it  has  been  fined,  and  .till  it  bu 
remained  four  or  five  years  in  the  cask.  If  the  In^  flaTOUied 
red  wines  stay  longer  in  the  cask,  they  losie  colour  and  flarour. 
The  change  the  wine  undergoes  in  the  bottle  (called  ^cksess, 
trhich  continues  in  newly  bottled  port  wine  from  four  to  six 
months  according  to  the  fullness  <^  the  bottle)  depends,  if  the 
bottle  be  well  corked,  on  the  space  between  the  corkimd  the 
wine ;  for  this  is  all  the  air  the  wine  has  to  met  upon.  If  the  bottk 
be  filled  nearly  up  to  the  cork,  little  change  will  be  made  in  the 
wine :  hence  if  wine  be  bottled,  that  space  ought  to  be  left  greater 
in  new  than  in  old  wine.  By  thus  acting  upon  the  included  aift 
a  gradual  mellowing  of  the  wine  takes  place,  and  the  tartar  with 
a  small  quantity  of  the  colduring  matter  subsides.  In  red  wines, 
the  peculiar  flavour  is  contained  chiefly  in  the  colouring  matter, 
which  exposure  to  cold  precipitates  :  that  colouring  matter,  de- 
pends usuall  ,  not  always,  on  the  skin  of  the  grape. 

No  cork  should  be  used,  till  its  soundness  be  exjunined ;  tiH 
it  be  well  boiled  in  clean  water ;  it  should  be  driven  by  a  ma- 
chine under  the  direction  of  a  man  who  is  by  trade  a  bottler  of 
liquors ;  the  bottle  should  be  placed  an  its  Ude.  Never  bottle  your 
own  wine  or  leave  it  to  your  servants,  if  you  can  help  it.  Remem- 
ber, tiiey  who  make  it  their  business  to  do  any  thing,  do  it  betttr 
than  others  who  have  but  occasional  practice. 

Having  tlius  made  en  passant,  some  general,  and  I  hope  useful 
observutioiiS,  I  return  to  Malmsey,  which  the  French  (who  bare 
no  wine  so  good)  call  Malvoisie. 

It  is  too  rich  to  drink  alone.  From  one  twentieth  part  ts 
one  tenth  part  of  old  Malmsey,  very  greatly  improves  the  com- 
mon Madeira  wine.  The  vino  tihnto,  a  coloured  wine,  a  Tent 
«ivine  of  Madeira,  is  /  believe^  a  species  of  Malmsey  not  old 
enough  to  have  yet  lost  its  colour.  I  consider  this  as  the  old 
sacramental  wine  of  the  church  of  England. 

Common  Madeira  may  be  g^atly  improved,  and  is  so  when 
wanted  for  immediate  drinking,  by  a  small  quantity,  (a  desert 
spoonful  to  a  bottle)  of  well  clarified  syrup  of  the  finest  loaf  su- 
gar. I  believe  in  addition  to  tliis,  it  is  not  unusual  to  put  a  tea- 
spoojiful  of  a  filtered  vmous  solution  of  isinglass  in  good  Madeira. 
These  give  a  fullness,  a  richness,  and  a  silkiness  to  the  wine, 
that  to  my  palate  is  very  grateful.  But  the  isinglass  is  apt  to 
precipitate  on  standing  and  exposure  to  the  air. 


On  fFine,  487 

Your  next  ca&k  is  Madrira.  Is  it  London  particular  ?  Is  it 
bill  wine  or  barter  wine  ?  Is  it  Cerciil  ?  From  the  north,  or  the 
south  side  of  the  island  ?  The  London  particular,  is  the  high- 
est priced  wine  for  the  Loudon  market  ^  next  to  that  is  the  hill 
wine,  sold  for  bills  of  exchanij^e  :  next  toi  that  is  the  barti^r  Nvine, 
exchanged  for  g^oods.  The  wine  of  the  Auth  side  of  the  islajid, 
as  the  Cerciai  wine,  is  much  the  richest :  the  northern  si-Ie  is 
comparatively  harsh.  Wine  is  made  up  in  Madeira,  by  mixing,. 
1st,  a  certain  quantity  of  old  with  new  .vine:  2d,  a  certiin'm  in- 
tity  of  Malmsey  with  the  common  wine :  3diy,  a  ct-.rtain  ;in:'iity 
of  north  side  with  south  side  wine.  Tiie  more  old  tl\c  ;>tore 
Malmsey,  the  more  south  side  wine,  the  better  and  dearer  is  t.ic 
mixture.  Clarified  syrup-  is  a  frequent  substitute  for  Mainisey. 
Tencrifie  is,  I  believe,  lately,  introduced  as  an  adultcratlo.i. 

All  wines  are  vinegars  as  you  say.  But  the  older,  the  fuller, 
the  richer  the  wine,  the  more  wholesoraie  is  it,  and  the  less  apt 
tp  produce  indigestion,  heart-bum,  and  of  course  gout. 

Madeira  should  not  be  bottled :  frequently  the  ullage  is  the 
best  part  of  it.  Madeira  is  adulterated,  by  Teneriffe,  by  Sicrry, 
by  Lisbon,  by  Malaga,  by  FayaL  Sherry  hurts  the  quality  of 
tbe  win0*least,  but  the  Sherry  flavour  cannot  be  disguised.  Tene* 
riffe  spoils  it  in  flavour,  and  in  body.  The  twang  of  commoi^ 
Lisbon  is  detestable;  so  is  Malaga  unless  very  old  and  very 
dry.  Fayal  does  not  deteriorate  the  flavour,  but  it  rendci's  tiie 
\iripe  meagre. 

The  harsh,  subacid  Madeira  commonly  met  with,  is  extremely- 
unwholesome.  A  good  judge,  will  prefer  tlie  smor^h,  full,  silky 
wine;  though  I  confess  this  is  a  sensation  frequently  given  as  I 
liaTe  said  before,  by  a  slight  admixture  of  clarified  sugar.  It 
approaches  hewever  nearest  to  the  full  rich  south  side  Mrine ;  and 
ifl  less  apt  to  disorder  the  stomachs 

The  clarified  sugar,  sliould  be  of  the  best  double  refined, 
dissolved  in  clear  pure  water,  boiled  with  the  white  of  e^jgy  and 
filtered  through  a  flannel  jelly  bag.  The  isinglass  addition,  I 
suspect  only,  from  my  own  obsei'vations  and  experiments,  but  I. 
think  I  have  detected  iL  A  solution  of  terra  japonica,  will  al- 
ways throw  down  isinglass  or  any  other  animal  gelatine. 

You  have  Teneriffe  there.  Very  old  Tenerifie  is  drinkable.  I 
have  tasted  none  good  for  a  sitting.  Common  Tenerifi*e  ought 
not  to  find  admittance,  unless  in  the  vaults  of  a  professed  wine 
merchant  If  not  the  File  Sa^um^  a  common  homeoiade  wine^ 
it  is  not  much  better. 
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Afartala,  A  strong  full  bodied  wine;  lieady  ;  devcud  of  fia* 
vour.  It  is  from  the  Madeira  grape  planted  in  Sicily,  wliickfaas 
degenerated.  While  at  Madeira  the  Rhine  grape  is  so  improTed 
lis  to  produce  the  Cercial.  Malmsey  in  small  proportion  wA 
l^arsala  and  north  side  Madeira  makes  a  good  wine. 

Sherry,  The  sack  of  Siiakespeare's  time,  was,  -A  mountain 
inne  brought  into  the  town  in  skins,'  wcs  x  whence  the  nams 
<<  mountain,"  Gomm<Mi1y  used  in  England  for  Malaga.  Sack 
was  either  the  sac  wine  of  Xeres,  or  of  Malaga ;  the  former 
was  the  Sherris«sack,  the  latter  the  Malaga-sajck.  Snd.  part  of 
Hen.  4,  act  4th.    Sir  John  FalstafP  says, 

**  A  good  Sherris*sack  hath  a  two-fold  operation  inlt ;  it  ascends 
me  into  the  brain^  dries  me  there  all  the  dull,  foolish  and  cnidy 
vapours  -which  environ  it ;  makes  it'apprehe&sive,  quick,  forget- 
ire,  full  of  nimble,  fiery  and  delectable  shapes,  which  bemg  de- 
livered  over  to  the  voice,  the  tongue  which  is  the  birth,  becomes 
excellent  wit  The  second  property  of  your  excellent  Sherris,  is, 
the  warming  of  the  blood,  which  before,  cold  and  settled,  left  the 
liver  white  and  pale,  which  is  the  badge  of  pusillanimity  and 
cowardice ;  but  the  Sherris  warms  it,  and  makes  it  course  from  the 
inwards  to  the  parts  extreme ;  it  illuminateth  the  foce,  wMcfa  asa 
)>eacon  gives  warning  to  all  the  rest  of  this  little  kingdom,  man,  to 
arm ;  and  {hen  the  vital  commoners,  and  inland  petty  spirits,  muster 
one  and  all  to  their  captain  the  heart,  who  ^at  and  pufft  up  with 
this  retinuei  doth  any  deed  of  courage  y  and  this  valour  comes  of 
Sherris.  So  that  skill  In  the  weapon  is  nothing  ixathout  Sack ; 
forthatsetsita^work}  and  learmng  a  mere  hoard  of  gold  kept  by 
a  devil,  till  Sacl^  commences  it,  and  sets  it  in  act  and  use.  Here- 
of comes  it  that  prince  Henry  is  valiant  $  for  the  cold  blood  he 
ctid  naturally  inherit  of  his  fkther,  hath  like  lean,  steril,  and  bare 
land,  manured  and  husbanded  and  tilled  with  excellent  endeavour 
of  drinking  good,  and  good  store  of  fertile  Sherris,  that  he  is  be- 
come  very  hot  and  valiant.  If  I  had  a  thousand  sons,  the  first 
human  principled  would  teach  them,  should  be  to  forswear  their 
potations  and  to  addict  themselves  to  Sack." 

Hence  it  appears  that  Sack,  is  the  genuine  name ;  and  that 
Sherris  Sack,  Sheny  or  Xeres  (Yery)  is  one  (and  the  best)  kind 
of  Sack.  DoubUess  it  is  so :  the  Padre  Ximenes  (Yemanes)  and  the 
Pachioretti  Sherry,  often  to  be  found  in  the  London  market,  are 
fully  equal  to  Malmsey  Madeira :  but  no  one  can  tell  what  good 
glierry  is,  from  the  wine  so  called,  usually  imported  in  this  ^w^ 
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try.  Sheny  will  bear  wurmthi  and  gradual  concentration  equal 
to  Madeira.  But  the  first  quality  of  it  should  be  bottled  in  due 
time  to  preserve  the  flavour,  which  in  fine  Sherry  is  well  worth 
preserving. 

Co/mmar,  is  a  cheap  sound  wine,  but  the  flavour  is  very  infe« 
rior. 

Lisbon :  wMte  Port.  If  these  wines  be  kept  till  they  are  old 
and  dry, they  are  tolerably  good:  but  once  for  all,  a  judge  of 
^wine,  and  a  judge  of  its  effect  upon  the  health,  will  confine  his 
drinking  chiefly  to  Madeira  and  Sherry  of  good  age.  These  in 
moderate  quantides,  (and  I  shouldconsider a  pint  daily  and  habit- 
tially,  as  beyond  the  scale  of  moderation)  will  probably  do  good. 
Other  wines  may  be  taken  occasionally ;  but  all  others  are  in  my 
o[^on  decidedly  inferior.  Dr.  Nesbit  was  right  when  he  trans* 
lated  Falemum  by  Madeira. 

The  Caicavaila  Lisbon,  is  the  highest  and  best  flavoured  wine 
of  the  kind ;  but  not  fit  for  a  beverage  to  sit  down  to. 

All  this  remark  you  know  would  be  useless  at  a  French  table, 
where  a  bottle  of  meagre  Bourdeaux  is  set  before  the  guests,  and 
ODice,  or  at  the  utmost  twice,  during  the  continuance  of  a  two 
hours'  dinner,  a  glass  of  the  finest  Bourdeaux,  of  ConstanUa,  or  Mal« 
voisle  is  sent  rouad :  the  desert  finishes  with  Noyau,  Mascarille 
or  some  of  the  Martimque  liqueurs,  and  the  guests  adjourn  to 
eoffee.  But  in  England,  and  with  us,  it  is  of  great  importance  to 
know  what  kind  of  wine  we  can  sit  down  to  for  an  hour,  with  most 
pleasure  to  the  palate,  and  least  ill  efl'ect  upon  the  health ;  remem- 
ber Plutarch's  advice,  ei  oino9  esii  kikos  eia  numfhas  katafihuffcin : 
if  the  wine  be  bad,  fly  to  the  tea  table,  as  Dubois  in  his  ^'  old  Nick,'* 
well  translates  it. 

«Ia  your  cellar  supplied  with  French  wines  ?  For  a  >vell  appoint- 
ed cellar  cannot  be  without  them.    Your  Hermitage,  your  Bour* 
deaux,  and  Sauteme ;  your  Vin  de  Ofave  and  Chablais,  you  import 
in  casks :  your  Burgundy  and  Champaigne  in  bottles. 

Fin  de  Gravej  of  the  first  quality  I  have  never  seen  here :  it  is  a 
well  flavoured,  rich,  gold-coloured  wint^  worth  attention ;  but  the 
inferior  qualities  are  not  worth  importing :  nor  in  my  opinion  is 
Chablais. 

Hermitage.    This  is  the  fullest  bodied  red  wine  that  France 

produces.    It  is  a  sound  good  wine,  of  high  flavour.    It  is  par«> 

ticulariy  usteful  to  ^ve  body  to  ,and  develope  the  flavour  of  claret 

(BonrdeauX))  uA  a  small  quantity  grcatiy  improves  Fort  But  it 
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19  well  worth  drink'ng^akmc ;  tnd  when  bottled'  at  a-pfoper  a^ 
is  a  fine  wine ;  equal  if  not  superior  to  the  best  red  Port, 

Bnurdeaujr  foinc  :  Ciarrt.  This  last  is  the  English  name:  the 
French  call  it  Bourdeaux  wine.  Thirty  years  ago,  when  what 
would  be  called  passable  Claret  was  bought  at  Bourdeaux  for  800 
livres  tlie  Bari(jue,  the  London  purchasers  gave  3500  lirres. 
The  best  qualities  of  Clftret,  are  La  Fitte,  Chateau-margo,  St  Emi- 
lien  and  St.  JuIieUf  vineyards  within  the  ctistrict  of  Medoc,  near 
Bourdeaux. 

Good  Claret)  (seldom  imported  here}  is  a  fine  wine.  It  is  anoog 
the  best  wines  to  sit  down  to^  as  a  bottle  of  it  may  be  drank  without 
intoxication^  and  the  odour  aad  the  flavour  of  the  finest  kinds,  are 
both  extremely  agreeable.  But  even  good  Claret  will  bring  on  a 
fit  of  the  gout,  with  persons  liable  to  that  disorder  sooner  than%l- 
most  any  other  wine.  The  better  the  wine^  the  leas  apt  is  it  to 
produce  this  efiect. 

For  the  continental  market,  Claret  is  mixed  with  juice  of  fresh 
violets  and  hermitage :  for  the  English  market.  Brandy  is  added 
to  it ;  and  the  wine  is  the  better  for  the  addidon^ 

Young  men,  that  is,  men  on  the  right  side  of  forty,  may  drink 
Claret  witli  impunity,  if  they  attend  to  moderation,  and  have  no 
disposition  to  g6ut  or  stone.  Otherwise,  they  had  better  keep 
close  to  Madeira  and  Sherry. 

Claret  should  be  kept  in  a  cellar,  on  the  side ;  in  the  tempera* 
turc  of  about  50^.  The  flavour,  will  gradually  dissipate  from  the 
cask,  and  too  much  warmth,  will  be  apt  to  sour  the  wine. 

Burgundy.  I  consider  this  when  good,  which  is  a  rare  quality 
here,  as  the  best  of  the  French  wines.  It  is  of  good  body,  but  ex- 
tremely delicate  and  hard  to  be  kept.     The  flavour  is  higher  than 

• 

either  Hermitage  or  Claret  I  have  kept  it  in  bottles  three 
years  in  wet  sand  in  a  good  cellar  of  temperature  55^.  For  want 
of  care  in  bringing  it  over  here — ^from  the  corks  being  permitted 
to  grow  dry— ^nd  probably  also  from  the  inferiority  of  the  wine 
imported,  it  is  generally  "  pricked,"  or  with  a  tendency  to  acid  de- 
composition, in  which  state,  it  is-  not  easy  to  find  a  more  unwhole- 
some beverage. 

Chamfiagne,  This  is  either  tinted  (oeil  dc  perdrixi)  or  colour- 
less ;  eitlier  mouBarux  sparkling,  or  non  movMriix,  still  Cham** 
pain.  It  is  a  thin  wuie  of  delicate  flavour.  The  sparkling  Cham** 
pain,  is  made  so,  by  closing  it  up  in  very'  strong  tight  casks,  be* 
fore  the  fermentation  is  fuUy  over.    Ill  this  states  it'isjnado'Co 
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oombine  with  smchxarbonic  acid  gas ;  which  aoakasit  act  quicker 
on  the  stomach,  and  renders  it  sooner  intoxicating.  It  is  a  .plea- 
sant wine  occasioiiaily,  but  meagre^  and  one  that  quickly  palls  up* 
on  the  appetite.  ;It  isiar  inferior  to  Hermitage,  Burgundy,  or  Claret, 
and  not  greatly  superior  to  good  English  Perry.  Half  Sauteme, 
and  half  Seltzer  water,  is  a  beverage  nearly  as  good  as  Champain. 
Sauteme,  A  Brine  of  delicate  flavour,  little  if  at  all  inferior  to 
the  Champagne  iM>n  mousseux.  Considering  its  quality,  it  is  the 
cheapest  of  the  French  wine;s  imported  here ;  and  if  like  all  the 
rest  'Of  the  French  wines,  it  did  not  produce  tendencies  to 
gout  and  stone,  it  would  he  a  very  desirable  table  wine.  But 
there  is  no  French  wine  -that  is  not  bad  for  persons  who  hav«  ten* 
dencies  to  gout. 

CJktdiaia,  Tired  of  Champagne  and  Claret,  tlus  wine  of  mode- 
rate fUvQ[ur  and  moderate  strength,  became  preferable  to  me  as 
a  regular  beverage  to  the  others.  But  it  has  oo  merits  that  should 
induce  its  impoi*tation.    It  is  superior  to  Fayal. 

The  common  Rhine  vinej  and  MoMcUe  wine^  are  little  superior 
to  good  cyder.  I  have  drank  repeatedly  Hock  of  1736,  and  Hock  of 
1749,  wiiich  being  kept  in  large  quantities,  had  not  become  vine- 
gar :  it  was  comparatively  to  the  common  Rhine  wine,  an  excel- 
ent  liquor.  But  Hock  is  gouty :  it  produces  stone  and  gravel,  it 
is  perceptibly  an  acid  wine,  and  fit  only,  to  drink  after  rich  soup 
to  clear  the  moutli ;  for  which  purpose  only  it  is  usaily  intro-' 
duccd  in  England,  in  glasses  fantastically  imitating  the  course 
green  tinge  of  the  German  wine-glass.  Punch  ^ter  strong  soup 
is  quite  as  good.  Common  Hock  is  not  much  better  than  strong 
cyder. 

or  the  Italian  wines,  we  import  none,  I  believe  except  tliose 
of  Sicily :  the  red  wines  of  that  country  are  cheap,  and  for  their 
price  very  good.  Certainly  superior  to  the  common  clarets.  So 
is  Florence.  The  Lackryma  ChrUii  and  Cota-roti,  we  know  little 
of  here. 

Port,  Fin  d* Oporto,  Sir  Paul  Methucn,  and  the  woollen  ma- 
nufiacturers  of  Leeds  and  Halifax,  have  been  the  chief  causes  wh]r 
Port  has  become  the  national  wine  of  the  English.  It  has  arisen 
from  the  shopkeeping  notions  of  the  British  statesmen,  and  the 
persevering  representations  or  rather  misrepresentations  of  the 
manufacturing  interest.  To  mercantile  monopoly,  and  to  manu^ 
facturing  monopoly,  all  the  great  interests  of  that  nation  have 
hitherto  been  made  to  bend. 
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All  the  first  Port  wine  is  regularly  bought  up  for  the  Londoo 
market,  where  there  it  sale  for  a  iQUch  larger  quantity  than  Por^ 
tugal  produces.  It  is  made  up  in  Portugal  with  brandy,  but  I  do 
not  know  of  any  other  admixture.  Hermitage  improrea  it.  Few 
wines  admit  of  so  much  difference  in  quality ;  nor  is  the  Poft 
wine  imported  into  this  country,  to  be  oompared  to  the  English 
Port.  There  may  be  occasional  exceptions,  but  there  are  veiy 
few.  The  price  of  Port  wine,  has  gradually  risen  in  England, 
within  thirty  years,  from  361,  sterling  the  pipe,  to  lOOL 

In  that  country,  where  the  management  of  it  is  well  uaderHood, 
a  pipe  of  Port,  is  fined  with  whitea  of  egg,  within  a  short  time 
after  it  is  depouted  in  the  cellar.  It  stays  there  frmn  4  to  6  years. 
The  cellars  in  England  are  all  arched  with  brick ;  the  bricks  are 
grouted^  that  is  fresh  mortar  in  a  thin  paste  is  poured  into  all  the 
joints  so  as  to  fill  up  every  interstice ;  a  proceaa  in  my  opimoD 
indispensible  to  every  arch  of  brick  or  stone.  The  arch  b  then 
covered  with  a  coating  a  foot  thick  of  clay- well  beaten  with  beat- 
ers. It  is  thus  rendered  impervious  to  mmsture.  If  the  cellar 
walls  are  not  perfectly  dry  they  are  cased  with  rough  boardai 
Brick  partitions  at  right  angles  with  the  wall,  are  built  so  as  to 
divide  each  side  of  the  cellar  into  bins,  calculated  each  to  hold  a 
pipe  of  wine  in  bottles,  or  about  50  dosen  of  14  to  the  doacn. 
The  partition  walls  extend  from  the  cellar  walls  about  four  feet^ 
or  a  convenient  distance  for  a  man  to  reach  from  the  front  to  the 
back  part  of  the  bin.  The  front  ends,  of  the  partition  walls  are 
finished  with  upright  square  posts^  grooved  for  boards  to  slide  in, 
which  form  the  front  of  the  bin.  Frequently  the  front  is  of  brick, 
and  a  lid  with  a  padlock  secures  the  whole  bin  from  the  depreda- 
tion of  servants.  The  wine  is  placed  on  dry  saw  dust  on  its  side. 
It  is  never  touched  till  about  nine  months  after  it  has  been  bot- 
tled. Care  is  taken  to  exclude  currents  of  air ;  so  that  the  tem- 
perature shall  be  kept  as  nearly  equal  throughout  the  year  as 
possible.  The  bottles  when  wanted  are  carefully  brought  up  in 
a  basket  long  enough  to  hold  two  bottles  endwise,  on  their  side, 
the  crusted  side  downwards,  undisturbed.  The  corks  are  drawn 
while  tlic  bottles  are  still  kept  in  a  state  of  inclination,  not  up- 
right. The  cork  screw  should  be  the  compound  double  patent 
screw,  tliat  draws  the  cork  without  pulling  and  tugging,  or  any 
other  effort  than  that  of  turmng  the  screw  itself.  The  cork  be** 
\nvz  drawn,  a  silver  anti'guggler  is  inserted,  so  as  to  admit  thtf 
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external  air  to  the  bubble  oF  air  included  at  the  Upper  ude  of  the 
bottle ;  the  wine  is  thus  decantered  without  the  sediment  being 
disturbed  by  the  conflict  of  the.  wine  going  out,  and  the  eir  com* 
ing  in.  The  wine  is  strained  into  a  decanter  through  a  ulrer 
strainer  to  which  fine  muslin  is  fitted,  and  is  drawn  off  no  nearer 
than  to  leare  a  glassful  ai  ieatt  in  the  bottle. 

The  wine  in  winter  time,  is  then  set  before  the  fire,  and  in  sum- 
mer time  it  is  never  cooled*  Cooling  Port  or  Claret,  makes  it  mud* 
dy,  and  totally  destroys  the  flavour.  A  g^ood  judge  of  wine,  and 
who  knows  how  to  enjoy  it,  will  never  cool  fine,  lugh  flavoured 
wine  of  any  kind  below  50f  of  Fahrenheit  i  in  summer  time  in  this 
eountry,  the  sensation  of  coolness,  is  pleasanter  than  the  sensatioa 
produced  upon  the  palate  by  middling  wine.  B^tit  is  a  vile  and 
a  vulgar  practice,  to  destroy  the  flavour  of  fine  wine  by  cooling  it 
down  to  S3  or  34^  by  means  of  ice,  even  should  the  thermometer  be 
at  96^.  Destroy  the  taste  of  dad  wine,  by  ice,  if  you  please  i  but  a 
man  who  does  so  byjf  ise  Madeiraj  does  not  deserve  it. 

At  an  English  table  even  of  fashion,  the  every-day  wines,  are 
either  Sherry  or  Madeira  at  dinner,  and  Port  or  Claret  afterward. 
In  summer,  both.  Lacluyma  Christi,  Cota-roti,  Hermitage,  Bur* 
gundyt  Champain  are  the  wines  of  ceremony  only. 

But  the  English  seldom  prefer  Claret  to  Port :  the  Irish  sel* 
dom  prefer  Port  to  Claret.  The  English  drink  no  liqueurs  s  Mi^ 
cadel  and  Frontiniac,  are  sometimes  produced  to  the  ladies  as 
sweet-meat  wines ;  but  not  generally. 

The  precautions  in  keeping  wine  that  I  have  enumerated,  are 
not  exclusively  confined  to  lugh  fuhlon  or  great  wealth :  evexy 
English  gentleman  of  tolerable  fortune  attends  to  them  as  indis* 
pensible.  Our  different  practice  in  tliis  country,  lias  arisen  from 
necessityi.  Our  imme<Uate  ancestors  could  not  afford  the  trouble 
or  the  expense,  nor  had  they  the  taste  to  require,  the  careful  bot- 
tling, corking,  and  keeping  of  wine  x  but  with  respect  to  Madeiraf 
their  accidental  practice  has  been  in  all  respects  an  improvement 
An  Englishman  docs  not  understand  Madeira ;  which  after  all  is 
iAc  wine,  the  FaUrnum  oi  the  modems.  Nor  does  an  English- 
man understand  the  practice  of  smoking,  except  in  the  lowest 
beer<«houses.  I  acknoivirledge  a  segar  is  frequently  a  luxury  t  so 
to  a  sailor  is  a  quid  of  tobacco ;  but  the  one  indulgence  and  the 
ether,  are  so  inconsistent  with  oeatness  and  cleanliness,  that  in 
decent  society  they  ought  to  be  renounced.  I  hope  the  time  will 
never  agsun  arrive,  when  it  shall  be  necessaiy  to  admonish  the 
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beauB  of  Phikdelphiay  tliit  legurt  ire  not  nHnkwhte  ja  die  bril 
room  on  Washington's  birth  daj. 

Thus  managed  and  thas  drank,  Port  is  a  very  fine  wine ;  mA 
latiates  (ar  less  than  anf  otlier  red  wine ;  but  after  aiUy  it  is  not 
Madeira. 

The  Southampton  and  CKiemsef  Port,  (that  is,  the  Port  gcQe-> 
rally  sold  there,  and  frequently  smuggled  there)  is  a  thin  kind  sf 
'  wine,  pleasant  but  without  body,  and  without  merit. 

When  wine  is  drank,  the  glass  for  red  and  the  glass  for  white 
•  wine  should  not  only  be  different,  but  of  different  forms.  A 
full  small  glass  of  wine,  is  not  half  so  ag'«*eeable,  as  the  same  quan- 
tity  out  of  a  larger  glass.  There  is  an  association  of  gluttooy, 
and  vulgarity,  and  sloyenliness  in  a  full  glass.  Bumpers  should'be 
banished  to  bacchani^an  parties,  wluch  are  never  epicureaa.  The 
stem  of  the  glass,  should  be  longenough  ea^y  to  adnut  two  fing* 
era  without  touching,  and  soiling  the  bulb.  The  i^ass  should 
not  only  be  the  finest  flint,  clear,  without  colour,  bM>s,  or  blemish* 
es,  but  thin.  Half  a  glass  of  wine  (and  more  should  seldom  be 
filled)  has  more  odour  and  flavour,  in  a  tolerably  daed  ^lasa,  thau 
the  same  quanti^  in  die  form  of  a  bumper.  AUomameiits  about 
a  wine  glass,  are  inelegant,  bourgeoise ;  they  savour  too  much  of 
finery.  The  character  of  a  gentleman's  establishment,  is  HmpUx 
munditik.  The  only  use  of  a  cut  bwder  torn  drinking  glass,  is  as 
a  memento,  notto  fill  it  beyond  the  lower  edge  of -the  omamented 
border. 

Hence,  also,  napkins  at  ^ner,  and  doyleys  after,  are  necessa- 
ries :  not  so,  water  glasses.  The  use  of  them  like  the  four-pronged 
silver  forks,  arises  from  an  affected  imitadon  of  foreign  customs:  af- 
ter a  French  dimier,  where  the  fingers  perform  much  of  the  duties  of 
aknife  and  fork,  water  glasses  are  necessary:  but  nota!ter  an  Engfish 
dinner  at  a  genteel  table ;  where  meat  is  seldom  touched  with  die 
fingera :  where  the  dishes  are  solid  for  the  most  part,  and  die  meat 
is  cut,  not  torn :  where  the  right  hand  is  occupied  by  the  knife  and 
the  left  hand  by  the  fork :  while  at  a  French  dinner,  the  right 
hand  holds  the  ulver  fork,  and  the  left  hand  a  piece  of  bread, 
while  die  knife  is  deposited  in  the  pocket,  being  comparatively 
little  used.  Notto  mention  the  associations  of  uncleantiness  and 
indelicacy  connected  with  the  use  of  water  glasses.  Where  the 
dinner  is  a  mixture  of  French  and  Englbh  cookery,  the  silver 
forks  are  not  out  of  place.     -^ 
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If  posflibk,  the  focmi  to  drink  wine  in,  should  not  be  the  din- 
ing room :  and  a  glass  or  two  of  rose  water  sprinkled  u|K)n  the  car^ 
pet,  is  a  cheap  luxury. 

Thus  have  I  extended  perhaps  to  an  unconscionable  length,  ifty 
remarks  on  wines.  I  have  confined  myself  to  the  wines  usoallf 
imported.  Of  homemade  wines,  I  shall  present  you  with  my  expe- 
rience herefi^er. 

I  have  in  the  beginning  taken  the  licenda  poettca,  (or  if  yoQ 
will  forensica)  that  is,  the  licentia  ingendi,  and  supposed  your  cel- 
lars filled  with  choice  liquors  instead  of  chc^ce  books.  I  wish 
you  had  more  abundance  of  the  first,  and  more  room  for  the  last. 
I  know  you  are  amateur  of  g^ood  living  in  all  the  good  senses  of 
the  word :  nor  should  I  (preatly  object  to  apply  to  you,  Akenside's 
picture  of  the  Teian  Bard. 

I  see  Anacreon  smile  and  sing. 
His  ulver  tresses  breathe  perfume^ 
His  cheeks  dis|^ay  a  second  spring 
Of  roses,  taught  by  wine  tobloom. 
Away  deceitful  cares  away ! 
And  let  me  listen  to  his  lay. 

A<tieu  my  friend. 

Epicuri  dk  oregk  Porous. 


LSTTBm   SBOOVn,  TO  TIB  BOITOR. 

QUiEJ}AM  D£  VINO.    ON  WINE. 

[I  insert  this  letter^  which  was  btended  ibr  the  4th  namber*  in  the  present, 
because  I  am  prejudiced  in  favour  of  brii^ng  together,  as  amdi  as  possi* 
ble,  all  the  communicatiwii  on  one  subieet.    T.  C] 

My  Good  Friend^ 

I  promised  you  some  information  on  homemade  wine;  the 
vUe  Sabinum,  Of  the  many  English  and  American  receipts  fois 
^these  liquors,  there  are  none  worth  a  cent.  Nor  is  the  practice^ 
in  this  respect,  of  even  Mr.  Cooper  of  New  Jersey,  entitled  to  more 
approbation.  I  shall  in  this  essay  tell  you,  not  what  I  have  read, 
but  what  I  know,  partly  from  my  own  experience,  and  partly  from 
the  experience  of  those  on  whom  I  can  depends 
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WiUMiittf  be  made  out  of  appleif  l>ear8,  qUinces,  cberric% 
GumiitS)  gooseberries,  blackberries.  Out  of  the  fine  grape,  the 
natural  small  white  grape,  the  small  round  black  grape.  Out  of 
the  imported  Sweet  water,  Claret  and  Burgundfy  and  Rhw 
^rape.    Wine  can  be  made  out  of  the  Bfalaga  raisin. 

In  the  southern  states,  it  can  be  made  out  of  the  Contfantifc, 
tnd  out  of  the  grape  produced  by  sowing  the  conunum  jar  raiun. 
But  it  has  not  been  So  made  asyet. 

€^der.    The  method  of  making  cyder  is  suficiendy  known  is 

thiscountry  among  those  who  make  it  a  business  to  sell  it  in  the 

aeaport  towns.    The  richest  cyder  I  erer  tasted,  had  a  gallon  of 

.good  apple  brandy,  put  to  a  quarter  cask  at  the  commencement  of 

fermentation:  it  was  made  out  of  high  flavoured  apples. 

The  common  cyder-royal,  cyder  and  honey,  and  cyder-wine, 
made  by  boiling  the  juice  of  the  apples,  are  very  bad.  Cyder  is 
made  more  vinous,  by  pouring  boiling  water  on  Malaga  rai^dns, 
steeping  them  for  about  tlurty  hours,  and  putting  the  pressed  juice 
of  about  half  a  bushel  to  the  quarter  cask  of  apple  juice,  prerioos 
to  fermentation,  with  about  half  a  gallon  of  brandy.  This  is  qrder- 
wine  and  worth  attention.  The  goodness  of  cyder  greatly  depends 
tipon  racking  it  The  casks  should  be  previously  sulphured  and 
rinced  out  with  brandy. 

Perry ^  is  made  like  cyder.  I  have  tasted  none  good  in  this 
country.  Our  friend,  Mr.  P.  at  your  persuauon,  had  two  quarter 
casks  of  Perry  made  of  the  juice  of  the  commcm  ^^  pear,  but  it 
was  thin  and  meagre.  The  Perry  of  England,  is  little,  if  at  all, 
inferior  to  Champaln :  and  very  superior  to  common  cjrder. 

Quince:  I  have  not  tasted  this  wine.  A  good  judge  inlbmis 
me,  that  there  are  very  few  wines  of  any  description  equal  to  it  io 
body  and  flavour.  Doubtless  a  small  proportion  of  quinces  would 
greatly  improve  cyder. 

Cherries,  In  Philadelphia,  the  wine  of  the  morella  cherry,  co- 
loured,  is  sold  often  as  red  Port  I  suspect  it  is  too  harah  to  he 
wholesome  or  palatable. 

Currants,  All  homemade  currant  wine  is  made  too  sweet 
To  one  gallon  of  the  pure  juice  of  Currants,  add  one  gallon  of 
water.  To  each  gallon  of  the  mixt  liquor  put  3  {-lbs.  of  the  bett 
clean  Muscavado  sugar :  ferment  with  half  a  pint  of  yeast,  in  a 
cool  cellar,  from  20  to  SO  hours,  or  till  the  fermentation  is  over,  and 
the  head  begins  to  fall ;  filling  up  the  cask  from  time  to  time  as  the 
liquor  works  out  of  the  bung-hole.     It  may  be  known  to  have  siiiS* 
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ciently  fermented^  when  the  head  of  yeast  at  the  bunghole  begins  to 
subside.  Add  to  the  quarter  cask  two  gallons  of  good  brandyi  or 
half  a  pint  to  each  gallon  of  wine.  Let  it  remain  bunged  up  for 
four  months ;  then  fine  it  with  the  white  of  an  egg  beat  up  in 
skimmed  milk.  In  a  twelvemonth  rack  it  off  in  a  clean  caskf 
rincedout  with  a  little  brandy  and  water.  This  wine,  to  be  good^ 
•ught  to  remain  in  the  cask  at  least  four  years  after  racking.  1 
ewt.  or  1 12lbs.  of  fine  ripe  currantS)  will  3rield  near  10  gallons  of 
juice.  Six  pounds  of  sugar  will  add  half  a  gallon  to  the  bulk  of 
the  liquor.  A  mixture  of  about  one  sixth  black  currants,  greatly 
improves  tlic  flavour.     For  smaller  quantities  proceed  thus  : 

Take  equal  parts  of  currant  juice  well  strained  through  linen 
•r  flannel^  and  water.  To  10  gallons  of  the  nuxt  liquor  add  25lb. 
Muscavado  sugar,  previously  dissolved  in  the  water.  Add  about  a 
gill  of  yeast ;  let  it  ferment  in  a  cool  place  about  24  hours,  or  till  the 
fermentation  is  over.  Beat  up  the  white  of  an  egg  in  a  quarter  of  a 
pint  of  skimmed  milk.  Stir  it  about  well.  Bung  ^  up :  in  four 
months  rack  it  off,  and  add  a  quart  or  three  pints  of  brandy. 

The  wine  from  Goo9eberrie§,  Dr.  Clark  is  right,  in  his  Tra- 
vels to  Russia,  when  he  says,  this  is  equal  to  any  Champain.  But 
gooseberries  do  not  grow  so  well  in  America  as  they  do  in  England.. 
Gooseberry  wine  made  sweet,  and  flavoured  with  the  blossoms  of 
elder  flowers,  is  not  a  bad  imitation  of  Frontiniac. 

BlackberrieM.  I  do  not  know  anything  of  this  wine;  I  have 
t^ed  the  wine  made  from 

Elder  Berrie$  j  but  it  has  no  qualities  to  recommend  it. 

All  the  writers  on  made  wines,  strongly  exclaim  against  brandy 
being  put  into  them :  this  is  from  a  silly  and  affected  regard  for 
health  and  sobriety :  all  winea  are  the  better  for  it  When  Port 
wine,  or  any  of  the  thin  wines  are  in  danger  of  becoming  acid, 
there  is  no  better  remedy  for  the  evil  than  half  a  gallon  or  a  gal- 
lon of  good  brandy  to  the  quaiter  cask.  Exfierto  crede  Roberto, 
We  hear  a  great  deal  of  exclamation  amongst  phyucians,  against 
th^  deleterious  effects  of  fermented  liquors,  particularly  of  ardent 
Spirits.  They  might  as  well  talk  of  the  deleterious  effects  of 
ju^semc  or  opium.  They  are  all  poison  in  exceaa  ;  they  are  ex- 
cellent and  invaluable  remedies  in  mod^-rate  doses.  If  a  man 
drinks  to  excess,  it  is  a  gradual  poison,  g^atly  iiumical  to  muscu- 
lar strength,  and  also  to  mental  vigour;  andsoitis  if  heeatto  ex- 
cess ;  but  in  modtoction,  wine  greatiy  aids  both  the  one  and  the 
4Cber  I  independeot  of  the  pleasurable  sest  it  gives,  even  to  the 
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best  society.  I  do  not  find  that  wister  drinkers  liv6  longer,  or  art 
more  free  from  maladies,  than  those  who  enjoy  tfaw  wine  in  mi^ 
deration ;  and  I  am  well  persuaded,  that  ^e  latter  class  do  not,  m 
general,  exceed  so  much  in  the  article  of  eating.*  For  a  labomv 
ing  man,  beer  may  be  better  than  ardent  spirits ;  but  bishop  Wir» 
burton  was  right  when  he  said,  ^  they  who  drink  beer  wiD  tiunk 
beer.*'  For  my  own  part,  I  confess,  I  entertun  something  of  Hie 
common  prejudices  against  obstinate  sobriety,  and  I  folly  accord 
with  Sheridan's  song. 

Truth  they  say  lies  in  a  well : 
This  I  vow  I  nc*er  could  sec : 

Let  the  water  drinkers  tell, 
There  it  always  lay  for  me. 

But  when  sparkling  wine  went  round, 
Never  saw  I  falsehood's  mask, 

But  sdll  honest  truth  I  found, 
Pit  the  bottom  of  each  flask. 
The  J^ox  Grafie.  The  pure  juice  of  the  ripe  for  grapetomy 
own  certain  knowledge,  makes  a  full  bodied,  strong,  weU  flavour- 
ed Madeira-coloured  wine,  whith  in  my  opinion^  tf  these  grapes 
were  cultivated,  would  fully  equal  the  best  Madeira.  Smne  juice 
was  expressed  out  of  the  fox  grape,  by  part  of  my  own  fiemuly ; 
It  was  strained ;  it  was  put  by  in  a  decanter :  it  was  left  with 
the  stopper  out,  exposed  to  the  frost  out  of  doors  throu^  the 
winter.  It  was  put  by  with  the  stopper  out,  in  a  sideboard  till 
July  3 ;  of  the  year  1803.  There  was  a  mother  on  top  of  the 
wine  in  the  decanter.  It  was  somewhat  hard,  but  well  flavoured, 
full  bodied,  strong,  and  equal  to  good  Madeira.  X  drank  some 
wine  of  the  fox  grape  afterwards  made  at  Havre  de  Grace.  I 
suspect  it  was  not  the  pure  juice ;  it  was  a  tolersble  wine  but 
thin.  The  fox  grape,  is  in  its  growth,  in  the  pulpiness  of  its  fniit, 
and  in  many  of  its  habits  much  like  the  Constantia  grown  in  Penn- 
aylvania«  I  am  well  satisfied  it  is  worth  careful  cultivation 
for  wine.  No  imported  g^pe  Is  to  be  compart  with  it  for^his 
purpose. 

The  9fitdll  round  white  and  red  vHldgrafie,    I  know  nothing  of 
the  wine  from  these.    If  treated  as  apples  are  for  cyder,  I  make  no 

*  Dr.  DarwiDy  ^bo  ief^  ofiT  wine  iHmd  the  gsut  esn^sUed  kla,  atcd  to 
indulge  afterward  in  eating;  and  would  swaUow«  withoat  remone^  h^r^  bowls  of 
richcreanii  wlHte  he  would  inveigh  iq(aiii5t  the  fliiislhst  foctMa  ef  ftnaos^ 
'^•fl  liQuor. 
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Aoqbt  llMf  voold  makm  a  gokl  vibe.  litt  k  to  jrameadbered, 
that  tile  more  juiqr,  awl  ttie  ipioe  ipleaaant  a  grape  it  for  tto  tar 
ye,  tto  worae  it  ii  far  wineu  Sttoh  gmpes  make  tUni  meagrt^ 
aoid  wines,  ib  aH  ^e  matiaicea  |  have  knowti. 

fte  imfiiortedf  Sweehomter^  'Clmrtt  and  Bwrgwuiv  ^^  HMum 
grt^ie%.  All  'these  are  too  jaicj  ^  oiake  wine  of.  They  orequirs 
aiigar  and  bnmdf.  Tike  wioe  made  at  Mr.  Henderson's  st  Hun- 
iingdon, %fae  wine  madeat  Harmei^,  Aear  Pittsbm^  the  wine 
fnade  by  tiie  Swiss  settlers  nesrr  St  Aeneyieipv^  has  all  tto  same 
fittit  it  is  toomeai^ :  it  wanta  hody^  sitgarand  brandy  would 
greatly  improire  it.  Tiie  Hataoooy  wine,  if  made  Mouf  aeu](f 
arould  not  to  inferior  toChampam-  £venin  Champagne,  -ttoy  are 
'frequently  obliged  to  add  ixufeh  sttg^  and  toandy ;  and  tto  wine 
we  so  greatly  priae,  -owes  its  :goodness  to  materials  as  easy  to 
lie  procured  here,  as  they  are  in  Cfhanapagne. 

Cmuiantia.  The  Conatanda  grape  grows  in  Pennsylvania,  but 
in*  want  of  aun  it  is  'pulpy,  net  juicy,  and  it  ripens  late.  I  am 
folly  persuaded,  thatithisign^  and  tto  fax  ;grape. (equally  good) 
are  the  stook4niit  far  wdne  Inthis  couatiy.  1  earnestly  recom' 
viendttom  to  the  States  south  of  this. 

1  close  ttose  remarks  by  istating  my  full  coRriction  that  ^ood 
wine  can  to  afforded  in  America,  cheaper  than  good  cyder;  can 
to  made  to  greater  profit,  and  in  .greater  .plenty. 

Malaga  Grafie.  Two  thirds  of  ail  the  white  wines  sold  at  the  inns 
andtaremsof  England,  the  Di^uleira,  Sherry,  Calcav^lla,  Lisbon, 
White  Port,  and  Mountain,  (as  well  as  }tto  White  wine  vinC" 
gar,)  are  manufactured  at  home  out  of  tto  Malaga  raisin.  The 
present  Harry  Beaufoy,  Esq,  3rho  succeeded  to  his  &ther's  >  ine* 
gar-jrard  and  wine  manufactory,  scM- out  rhis  establishment  for  a 
fife  annuity  of  six  thousand  guineas  a  jrear. 

I  know  not  tto  proceBsea«far  imitating  each  of  these  wines, 
but  one  easential  part  is,  that  tto  wealthy  manufacturers  of  £ng« 
land  can  afford  to  keep  tkiir  tome>made  wines,  till  age  matos 
them  really  good. 

It  would  to  a  manufactory  well  worth  establishing  in  this 
country.  The  method  of  making  White  vine  vinegar  out  of 
cyder  sad  Malaga  raisins  you  tove  given  accurately  in  the  port 
folio. 

I  have  DOW  presented -you  with  my  desultory  remarics  on  wine ; 
but  I  have  somewhat  more  to  say,  better  worth  your  readers'  at- 
tf^ntion  than  any  thing  I  have  yet  said  on  the  subject. 
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I  am  an  advocate  for  drinking  wine,  fertile  aake  of  good 
panf  ,  for  the  pleasure  of  drinking  it,  from  modves  of  comMit* 
ity,  and  not  merely  at  St  Fanl  recommenda  it»  for  the  stonadHT 
aake.  But  I  should  not  be  an  eiHcure,  if  I  were  not  to  inaiAoa 
habitual  moderatioo :  this  isthemarkand  the  criterioaof  the^n* 
tUmanly  use  of  erery  indulgence ;  notlung  betrays  Ttilgaiiqr  ss 
much  as  excess.  People  who  are  not  accustomed  to  goodfiviaib 
gormandise  ^en  they  meet  with  it:  thoae  who  are  aoeuatonedts 
it,  have  no  temptation  to  exceed  the  bounds  of  moderate  cqo^ 
ment.  But  I  fear  that  my  nodons  of  moderation  do  not  coincMs 
with  common  practice.  I  am  folly  persuaded  that  wme  as  a 
habitual  beverage  much  short  of  any  thing  like  intoucatHOf  bya 
almost  the  only  foundation  for  the  goui  and  aioncf  of  the  decline  of 
life :  these  are  one  and  the  same  (Usorder,  so  fkr  aa  remofes  and 
proximate  causes  are  concerned  in  producing  them.  I  know  of 
nothing  that  can  excuse  excess  in  drinking,  but  a  typhus  fever  for 
which  physicians  prescribe  it,  or  the  intolerable  pressure  of  recent 
misforlunC}  for  which  Horace,  and  after  ium  Bums  prescribes  it  m 
the  authority  of  Solomon ;  DUtipat  Eviua^  eunu  edacn. 

^  Give  strong  drink  unto  him  that  b  ready  to  perish,  and  wine 
to  those  that  be  of  heavy  heart.    Let  him  drink  and  foiget  his 
poverty)  and  remember  his  misery  no  more*    Prov.  xxxi.  6.  7.** 
Gic  him  strong  drink  until  he  wink, 

Whae's  sinking  in  despair ; 
And  liquor  guid  to  fire  his  bluid  ^ 

Whae's  prest  wi'  grief  an  care. 
There  let  him  bouse  and  deep  carouse 

Wi'  bumpers  flowing  o'er, 
Till  he  forgets  his  loves  or  debt% 
And  minds  his  griefe  no  more. 
I  was  led  into  this  train  of  reflection,  by  a  passage  in  the  Ediur 
burgh  Review  for  November,  1811,  ofwhichanaccount  is  given 
of  some  experiments  of  Mr.  Brande  on  the  quantity  of  alcohol 
contained  in  wine:  I  shall  give  the  substance  of  those  trials 
with  the  obvious  remarks  of  the  reviewers,  and  add  to  them  the 
experiments  which  I  have  seen  you  make  on  the  same  substances. 
The  pleasures  of  the  table  consist  so  much  in  the  circulation  of 
the  bottle,  and  the  subject  is  of  such  great  importance  to  health  a5 
well  as  to  pleasure,  that  I  can  not  think,  this  dissertation  vrill  be 
void  of  interest. 
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Alcohol  is  pure  spirit  of  wine.  M.Fabroni,  an  Italian  chemist, 
being  unable  to  detect  alcohol  in  wine  by  any  process  previous 
to  distillation,  was  of  opiiuon  that  the  alcohol  procured  from  wine, 
was  formed  in  it  during  distillation.  Mr.  Brande's  experiments 
tend  to  an  opposite  conclusion ;  and  seem  to  prove,  that  all  the  al- 
cohol produced  by  distilling  wine,  existed  as  alcohol  in  the  wine 
previous  to  distillation.  On  this  point,  I  am  careless  who  is 
Wrong,  and  who  is  right,  although  I  have  no  doubt  that  alcohol 
in  beer  is  formed  from  the  Fccula,  and  in  grape-juice  from  the  sac- 
charine part,  during  fermentation. 

But  in  the  course  of  these  experiments,  made  on  upwards  of 
fifty  different  kinds  of  foreign  and  home-made  vinous  liquors,  of 
the  very  best  and  purest  quality  that  could  be  procured,  and  ac- 
cording to  all  evidence,  free  from  adulteration,  Mr.  Brande  pro- 
cured as  follows  :— 
Of  alcohol  or  pure  spirit  of  wine 

from  Rum  -  53,  68  per  cent. 

Brakdy  53,  39 

Holland's  Gin     51,60 
Marsala  wine     17,  26  to  25,  87 
Port  wine  21,  40  to  25,83 

Sherry  18,  25  to  19,  83 

Madeira  wine      24,  42 
Claret  12,  91  to  16,  32 

Tokay  9,  88 

Hock  8,  88 

Raisin  wine  25,  77 
Currant  WINE  20,55 
From  this  table  it  appears,  that  Rum,  Brandy  and  Hollands, 
consist  of  about  half  spirit  of  wine  or  alcohol,  and  half  water. 
That  Madeira,  Port,  Sherry  and  Marsala,  consist  of  about  one 
fourth  spirit  or  alcohol,  and  the  rest,  the  vinous  liquor  with  which 
the  spirit  is  combined.  Hence  it  follows,  that  every  man  who 
drinks  a  bottle  of  Madeira  or  Marsala,  drinks  about  a  pint  of 
strong  brandy.  Now,  any  man  who  beside  his  poller,  or  brandy 
and  water  at  dinner,  will  sit  down  to  drink  in  the  course  of  two  or 
three  hours,  an  additional  quantity  of  a  pint  of  brandy  mixt  with 
a  pint  of  i^'uter,  would  be  regarded  as  very  careless  both  of  his 
health  and  his  intellect,  yet,  this  is  the  case  with  every  man  who 
swallows  his  bottie  of  any  of  tliese  strong  wmcs.  That  the  di- 
gestion is  injured,  and  that  the  mental  capacity  is  injured,  tliat 
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iien-ous  irritatioii)  and  muscular  debility  are  induced  by  excess  ia 
splritous,  liquors  tlierc  can  be  no  doubt ;  aiid  whether  this  quantity 
be  excess  or  not,  nuy  fairly  be  left  to  the  unbiassed  judgment  of  the 
reader. 

The  preceding;  remarks  are  sufficiently  obvious  to  every 
body,  but  the  following  additional  observaticmSy  I  owe  to  your- 
self. 

The  liquid  that  the  alcohol  is  combined  with  in  wine,  is  not 
near  so  iiuiocent  as  water :  it  is  literally  in  the  very  best  wines, 
Madeira  for  instance,  Vinegar.  Wine  is  vinegar,  holding  in  so- 
lution, alcohol,  sugar,  mucilage,  and  vegetable  gelatine. 

Every  man  who  drinks  a  bottle  of  prime  London  particular 
Madeira  wine,  drinks  a  bottle  of  vinegar  mixt  with  brandy.  It 
is  the  same  with  Sherry,  Marsala,  Teneriffc,  Lisbon ;  with  Fort, 
Clan  t,  Burgundy,  and  Champsdn.    I  have  tried  them  all. 

All  wines  are  made  from  the  fermented  expressed  juice  of  the 
grape :  and  so  is  all  vinegar.  The  fermentation  is  pushed  a  little 
fuitiier  in  vinegar  than  in  wine,  but  the  difference  is  only  more 
and  less  acid :  time  and  access  of  air,  destroys  this  difference  al- 
togtaher,  and  converts  wine  into  vinegar. 

Now  for  the  proof  of  this. 

For  the  purpose  of  ascertaining  the  minutest  portion  of  acid 
in  any  liquor,  the  chemist  relies  implicitly  on  paper  or  cloth  dip- 
ped in  the  jiuce  of  litmus,  or  in  the  juice  of  red  cabbage.  The 
lichen  or  moss  from  whence  litmus  is  made,  is  infused  in  water 
to  whicli  a  very  small  quantity  of  a  solution  of  pearl-ash  is  added, 
just  sufficient  to  make  the  tinge  rather  blue  than  red. 

Or,  water  is  added  to  the  red  part  of  the  skin  of  the  stalks  of 
red  cabbage,  and  a  small  quantity  of  solution  of  pearl-ash  is  added, 
just  sufficient  and  no  more,  to  produce  a  blue  tinge.  This  blue 
tinge  is  discharged  by  all  acids  ;  and  a  red  colour  produced,  that 
cncreases  in  intensity  according  to  the  strength  of  the  acid,  of 
which  it  is  made  the  test. 

Upon  a  piece  of  muslin  or  white  paper  thus  tinged  blue,  drop 
one  drop  of  common  vinegar ;  at  some  distance,  drop  one  drop 
of  good  wine  of  any  kind ;  then  (at  some  distance)  one  drop  of 
good  cog^iac  bi^andy;  then  one  drop  of  Spanish  brandy;  then  one 
drop  of  peach  or  apple  brandy  ;  then  one  drop  of  good  rye  wliisky. 
The  vinegar  will  give  the  strongest  red  tinge-«-the  wine,  the  next 
in  depth  of  coloui^— then  the  Spanish,  apple,  and  peach  brandies- 
then  tlie  cogniac  will  be  still  weaker--Kmd  the  rye  whisky  if  good, 
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will  hardlf  tinge  the  4»pcr  at  all.    Neither  pure  spirit  of  wine, 
or  pure  water,  will  produce  ai^y  change  of  colour. 

If  there  be  any  acid  in  the  brandies,  it  is  owing  to  the  vinou«4 
liquor  from  which  they  are  produced  being;  carried  into  ferincr.- 
tation,  and  driiren  over  by  careless  management  in  the  dislillation> 
which  is  commonly  the  case  especially  in  Spanish  brandy :  and 
is  so  sometimes  in  whisky ;  but  not  so  often.  This  is  an  ex  pen* 
ment  that  any  of  your  readers  may  try,  and  satisfy  himself  of  thft 
truth  of. 

After  this,  are  we  to  wonder  at  the  Dispepsias  and  CanlialgiaiJ 
—at  the  indigestions,  the  acid  eructations,  the  heart  burns,  the 
gout,  the  stone,  &c.  with  which  great  wine  drinkers  are  generally 
afflicted  in  the  decline  of  life  ? 

'Your  opinion  is,  and  I  acknowledge  that  every  day's  experi- 
ence seems  to  corroborate  it,  that  the  constant  and  regular  intro- 
duction of  so  much  stimulating  acid  liquor  into  the  stomach  daily, 
tends  to  produce  the  habit  of  acid  secri^tion  throughout  the  sys- 
tem ;  a  habit  that  may  be  propagated  and  become  hereditary  :  and 
this  is  the  cause  of  indigestion,  gout,  and  stone ;  and  not  any  mor- 
bid action  merely  of  the  solids,  unless  produced  by,  and  producing 
this  acid  character,  this  morbid  stimulus  of  the  fluids.  Nii^ 
tenths  in  number  of  all  the  human  calculi,  coiisist  of  acid  deposi- 
tion. Those  who  are  afflicted  with  these  symptoms,  must  perse- 
vere in  the  exercise  of  walking ;  they  must  decidedly  leave  off 
wine;  they  must  avoid  ascescent  food;  they  must  habitually  tak-j 
magnesia,  or  volatile  tincture  of  gualcum,  or  alkaluic  liciuors 
such  as  soda  water ;  and  sedulously  keep  up  an  active  st.itc  of  the 
bowels— they  must  confine  their  beverage  to  weak  spirit  uiid  wa- 
ter ;  and  of  spirits,  gin  and  whisky  are  the  most  urifashlonahle, 
but  indubitably  the  most  wholesome.  By  these  means,  the  dura- 
tion of  a  threatening  fit  will  bo  lessened,  and  future  attacks  gi'adu'* 
ally  prevented. 

In  England,  Porter  is,  and  is  deservedly,  a  favorite  bevcrtigc 
but  that  is  draught  porter.  In  this  couiitry,  bottled  poitcr  is  a 
favorite  drink  particularly  in  summer;  I  never  tasted  bottk-d  por- 
ter or  bottled  ale,  that  did  not  approach  to  vinegar. 

Of  all  wines  old  and  strong  Madeira  is  the  best :  next  to  that, 
the  Padre  Ximenes  Sherry  and  the  Pachiorctti.  Acid  as  all  v/in.s 
arc,  I  do  not  think  that  half  a  pint  of  generous  wine  daily,  even  ha- 
bitually taken,  would  be  attended  with  any  ill  cflecls;  for  some  cor.n- 
.  teractioD  to  acidity  is  afforded,  by  the  quantity  of  animal  food  we 
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indulge  in:  but  I  am  Tery  sure  that  no  maa  can  drink  a  pint  of 
▼inegmr  daily  with  impunity,  whether  it  be  mixed  with  alcohol 
or  not.  He  will  feel  it  in  the  course  of  years :  thefhoBaladiesof  the 
decline  of  life,  will  furnish  severe  recollections  of  past  imprudence. 
Years  bring  infirmities  enough ;  we  should  be  upon  our  guard 
not  to  add  to  them. 

Adieu  for  the  present    Five  tb   sai    tb&pxv  Vivc^  Bih€^ 
Vale :  that  is,  eat  drink  and  be  merry,  but  in  moderation. 

I  hope  it  will  be  long  'ere  our  friends  will  have  occasion  to 
repeat  over  your  grave,  or  mine, 

ScH/tMti  9atU  i  ediiii  td/it  #  aigue  iribUii^ 
Nunc  tcmfiU9  abire  tibi  e%t4 
Yours* 

Epicuri  ds  Grece  Porcus. 


TO  CORRESPONDENTS. 

I  am  so  frequently  asked  why  I  do  not  give  information  on 
subjects  that  have  not  yet  arrived  in  their  turn,  that  I  think  it 
right  once  for  all  to  state  my  plan.  I  shall  conduct  this  work 
for  a  twelvemonth,  and  if  I  and  my  publishers  find  a  common  in- 
terest in  the  concern,  until  my  plan  be  completed. 

I  have  dwelt  longer  on  the  articles  irov  and  ^teel  thanf 
mean  to  do  on  the  rest,  because  they  are  of  so  much  importance, 
so  little  understood,  and  so  little  information  of  value  has  been 
collected  concerning  them. 

The  scattered  papers  of  so  many  volumes  which  I  have  brought 
together,  contain  more  instructioa  than  any  single  treatise  or  any 
two  treatises  hitherto  published,  in  any  language ;  and  the  value 
will  'ere  long  be  appreciated,  by  those  who  arc  willing  to  give  at* 
tention,  and  who  seek  for  information  rather  than  amusement ;  and 
should  the  work  stop  here,  I  have  no  hesitation  in  saying  that  I 
have  been  of  public  service,  on  the  most  interesting  and  impor- 
tant of  all  manufacturics. 

I  propose  in  future  numbers  to  take  up  about  100  pag^s  of  each 
number  with  the  following  subjects,  upon  all  which  my  collections 
arc  ppiparofl ;  the  result  for  the  most  part  of  my  own  actual  ob- 
servation of  nianutucturing  processes,  or  of  communications  from 
pci^oLs  actually  cngu^cdm  the  mauu&ctures^  where  that  is  not 
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the  case,  I  can  safely  promise  the  best  infbirmatfeii  that  books  can 
supply.  I  do  not  undertake  to  confine  myself  strictly  to  the  se« 
Ties  of  the  following  arrangement,  but  I  am  not  inclined  greatly  to 
vary  from  it. 

History  of  9team  engines :  methods  of  consuming  amoke* 

Manufactures  dependant  on  cofifier:  assaying,  smelting  of 
Copper  ores :  alloys  of  Copper ;  Chrystals  of  Verdigrease ;  Ver- 
digrease :  Verditer :  Green  pigments  prepared  from  copper.    • 

Manufactures  dependant  on  Lead.  Assajring  and  smelting 
of  Lead  ores :  massicot :  litharge :  red  lead :  white  lead  s  sugar 
of  lead :  refining  of  Lead  for  ulver :  Milled  lead  fi>r  boxes :  al- 
loys of  Lead :  Shot. 

Manufactures  dependant  on  THn.  Tinned  iron  plates:  tin- 
ing  of  Copper :  tinfoil :  tinning  of  pins :  Bronze :  Putty. 

Manufiicturies  dependant  on  Gold^  Silver,,  and  Mercury :  va- 
rious methods  of  gilding,  silvering,  and  plating :  assaying :  parting: 
ulvering  of  looking  glasses.    Alloys  of  these  metals. 

Manufacturies  dependant  on  Antimony  and  BUmuth.  Pew- 
ter :  white  metal :  Types. 

Colour  making.  Carmine:  red  lakes:  yellow  lakes:  copper- 
brown  :  Lamp,  Ivory,  Frankfort  blacks  :  pearl  white,  Spanish 
white,  flake  wliite,  white  from  Barytes  and  Strontian :  saxon 
blue :  nankeen  dye :  bro^vn,  dutch  and  rose  pinks :  sap  green ; 
Scheele's  green,  french  green,  brunswick  green,  oljrmpian  green 
(vid.  copper :)  aurum  musivum :  ultra  marine  :  smult :  bice  :  cin- 
nabar :  Vermillion :  chromat  of  lead  and  of  mercury :  piitent 
mineral  yellow:  cheap  paints:  stencils;  coloured  chalks:  pannels 
for  painters :  oil  cakes :  colour  mills. 

Chemical  drugs  in  the  large  way.  Pot  and  pearl  ash :  pure 
alkali :  soda ;  ammonia :  oil  of  vitriol :  spirit  of  salt:  aqua  fortis : 
cream  of  tartar :  radical  vinegar :  acids  of  tartar :  of  lemons :  of 
sugar :  of  benzoin :  sulphat  of  potash,  of  soda,  of  magnesia :  calo- 
mel :  corrosive  sublimate  :  unguent,  mercur :  red  precipitate : 
preparations  of  Antimony :  of  Bismuth :  muriat  of  barytes :  elas- 
tic gum  tubes:  purification  of  Camphor:  the  common  quack 
medicines :  method  of  detecting  adulteration  in  medicines :  me- 
moir on  chemical  manufacturies  with  reference  to  the  law  of 
nuisance. 

Tannings  with  the  modem  proposed  improvements.  The 
processes  for  making  Turkey,  Morocco,  and  Russian  Leather. 
Dying  and  staining  Leather. 
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BlcacMng^  Wool,  Silk,  Cotton,  linen,  Paper,  Stained  prints. 

Dyings  Wool,  Silk  and  Cotton. 

Printing  Calicoes. 

Pottery :  glazing  of  pottery :  enamel  colours  for  pottery. 

G/a««  Manufactory  :  With  an  abridged  translation  of  Loysel, 
and  Bos.  D'Antic. 

Manufacture  of  Glue:  Isinglass:  Starch:  Hair  powder: 
Wafers  :  Sealing  wax. 

Gunfiowder  and  the  purification  of  Salt  petre. 

Manufacture  of  Mum :  of  common  Salt. 

Vamishesy  particularly  the  actual  manufacture  of  Copal  Var- 
nish in  the  large  way. 

Etching  on  Copper  and  Glass :  Agua  tinta  :  Staining  of  wood 
and  bones :  Marble  polishing,  &c. 

The  above  with  other  articles  of  the  same  general  description, 
will  occupy  the  greater  part  of  each  number :  about  sixty  pages 
more  will  be  filled  up  with  such  miscellaneous  matter  as  may  oc- 
cur to  me  from  time  to  time. 

Should  the  above  plan  be  reasonably  well  executed  and  en- 
couraged, this  work  will  go  on ;  if  not,  the  end  of  the  year  will 
close  it,  so  far  as  I  am  concerned.  T.  C. 

I  have  received  from  a  manufacturer  of  stone  ware  at  Charles- 
ton on  the  Ohio,  a  specimen  of  what  is  deemed  a  very  valuable 
and  secret  cement  for  joining  together  pieces  of  stone.  I  have 
tried  it,  and  it  is  made  thus.  Melt  3  parts  by  weight  of  Rosin 
with  one  part  by  Weight  of  wax ;  when  fully  incorporated  add  to 
them  while  fluid,  one  part  by  weight  of  finely  sifted  well-dried  brick 
dust.  A  little  more  or  less  rosin  makes  the  composition  hai*der 
or  softer. 

Dr.  Doddridge  of  the  same  place  has  sent  me  a  very  useful 
pamphlet  on  the  management  of  Bees,  with  an  improvement  on 
the  structure  of  the  Bee  house,  the  mode  of  colonizing  bees,  and 
taking  the  honey  without  destroying  tlie  insects.  The  directions 
seem  to  me  judicious  and  practicable.  It  is  printed  at  St. 
Clairsville  on  the  Ohio. 
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